Lighty, Vleranth, and Sarofim

by the Smoake doth infect the Aer, and so incorporate
with it, that though the very Bodies of those corrosive
particles escape our perception, yet we soon find their
effects, by the destruction of all things they do but touch;
with their fuliginous qualities.” Evelyn not only impli-
cated combustion, but also inferred that the cause was
from small particles.

This section discusses the ongoing research into the
health effects of particulate air pollution, with an emphasis
on the toxicological hypotheses that relate to specific types
of combustion-generated particles. Table 8 summarizes

Table 8. Combustion particle characteristics investigated in toxicology studies.

combustion particle characteristics that are suspected to be
important for health effects and the results of selected epi-
demiology and toxicology studies that have addressed these
physical and chemical characteristics.5825213:305308,312-348 Re.
cent reviews discuss the toxicologic and epidemiologic
evidence for health risks from gasoline and diesel engine
emissions;***3* the toxicology of ultrafine anthropogenic
atmospheric aerosols;*** and the relationship of particle
air pollution to asthma.?*° The proceedings of recent con-
ferences are sources of more detailed coverage of current
health-related research.s!52

Characteristic Relation to Combustion

Epidemiology Studies

Toxicology Studies

Mass Filterable combustion aerosols are a minor component
of urban aerosol, which is dominated by organic,
secondary, and geological PM.*®

Particle Size Combustion is the major source of submicron
and ultrafine PM. (This review.)

Ultrafine and Inorganic ultrafines are formed by mineral

Nanoparticles vaporization during combustion followed
by nucleation and condensation. (This review.)

Transition Submicron particles from combustion are

Metals enriched in transition metals. Fe is more
bioavailable from coal fly ash than from
geological dust with similar size and total Fe.**®

EC (Soot) Combustion produces 10- to 50-nm diameter
carbon-rich primary particles. (This review.)
Diesel exhaust is the major source of urban
soot.*®

0C Incomplete combustion produces a wide
range of organic species.?™**"

Secondary Most of the urban ambient PM25 is secondary

aerosol formed from combustio'n—generated
S0, and NOX.G‘B

2— -
SO4 and NO3

Acidity Cland S in fuels produce HCI and SO2 inthe
combustion products.
Synergistic Effects ~ Combustion emissions contain EC, OC, metal-

rich particles, CO, and acid gases.

Health outcomes have been
associated with ambient PM mass.3*

Coarse particles are not associated with
mortality,*®***' but health outcomes
are associated with fine PM 3"

Respiratory effects associated with
ultrafine PM number *3®

Associations of health outcomes and
transition metals were found in some
studies, "% but not in others.**

Weak association between diesel
exhaust and cancer risk®* but
uncertain dose-response
relationship. 3’

Exposure studies™' to whole diesel
exhaust include the soluble organic
fraction.

8042’ and NO, " are implicated by
studies that correlated risk with

PM mass.*™®

Some evidence for a correlation of
health outcomes with H* .

Epidemiologic studies are confounded
by the complex mixture of pollutants in
ambient air 7%

Exposure of young, healthy adults to
concentrated ambient particle does not
cause acute effects. %%

Iron mobilization from coal fly ash in cell
culture increases with decreasing particle
size.** Mutagenic activity is associated with
fing PM. %

Differences between fine and ultrafine
particles of the same material 3135133234

Transition metals catalyze formation of
reactive oxygen species.?*** Metals from
ambient PM*"*2 and coal fly ash®*
induce synthesis of proinflammatory
cytokines in cells and lung inflammation in
rats *"

Carbon black and whole diesel exhaust
produced similar lung lesions in rats.*®
Ultrafine carbon causes lung inflammation.*®

PAH compounds include known and
suspected carcinogens and mutagens. **%%
NO,” not toxic at 1 mg/m® agricultural
worker exposure.” High levels of SO,
associated with increased airway resis-
tance.*"®

Various responses reported to laboratory
inhalation of acid aerosols.*

Exposure to pairs of pollutants can produce
greater effect than either one alone: ultrafine
PMand 0, coal fly ash and H,S0,,
benzo[alpyrene and carbon black >"®
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Epidemiology

Epidemiology, the medical science that investigates the
quantitative factors controlling the frequency and distri-
bution of disease, provided the initial evidence that the
PM,, ambient air standard did not meet the legal criteria
in the Clean Air Act to “protect the public health” while
“allowing an adequate margin of safety.”?s* The current
emphasis on the health effects of particulate air pollution
was set in motion by the seminal studies of Pope, Schwartz,
and Dockery. Pope compared hospital records for years
when a steel mill in Utah was operating and closed and
showed that elevated PM,  concentration was associated
with increased hospital admissions for pneumonia, pleu-
risy, bronchitis, and asthma.?** Schwartz and Dockery
showed that variation in total suspended PM correlated
with the number of deaths per day in Steubenville, OH,
over an 11-year period.** Dockery et al. showed that fine-
particulate air pollution, or a factor correlated with fine
PM, contributed to excess mortality in six U.S. cities.!8

The methods used in recent air pollution epidemiol-
ogy studies have been reviewed,?*>3% and these methods
are based on general correlation models described in ad-
vanced statistics texts.?” Several studies have involved
reexamining previous results by an independent group
of investigators to verify the conclusions by alternative
statistical methods.?%#3%° The statistical association of fine
PM and various health end points appears to be robust,
that is, independent of the specific correlation model used.
Pope reviewed epidemiology studies of particulate air
pollution from 1953-1996 and listed approximate ranges
of estimated effects.**”3% For a 10-ug/m? increase in PM,,
the effects were a 1.5-4.0% increase in respiratory mor-
tality, a 0.5-2.0% increase in cardiovascular mortality, a
0.5-4.0% increase in respiratory hospital admissions, and
a 1.0-4.0% increase in grade-school absences. Detecting
such a small increase requires an extremely sensitive sta-
tistical method. Since the average death rate in the United
States is about 20 deaths/day/million persons, a 1% in-
crease in mortality represents 1-2 excess deaths above the
daily average in a metropolitan area containing 5 million
people.

Epidemiology methods have limitations. These stud-
ies can only correlate data that have been consistently
measured over a sufficient geographical area or period of
time to show detectable variation. For example, to test
for the effect of geological particles, studies have had to
use indirect measures of wind-blown dust such as the dates
of dust storms®*! or the atmospheric clearing index.**®
Epidemiologists have not correlated health effects with
either ultrafine ambient particles or with the ambient
concentration of biologically available transition metals
because these suspect particle characteristics have not been
routinely measured. Although epidemiology can show a
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correlation, it cannot prove causality. Two well-correlated
factors may both be individually correlated with a third
unknown factor that is the actual cause. There have been
frequent suggestions that the observed health effects that
have been correlated with particles are actually due to
another pollutant that correlates with PM. Stagnant air
conditions in urban areas can lead to the simultaneous
buildup of multiple pollutants including PM, O,, SO,, CO,
soot, and numerous gas-phase and particle-bound organic
species, so this is a reasonable hypothesis. As will be dis-
cussed in the measurements section of this review, a need
exists for the development of robust, precise, economical
methods for measuring the various particle characteris-
tics that are possible factors for health studies.

Epidemiology studies in Spokane, WA,**! and in
Utah*® suggest that coarse, wind-blown particles are not
the cause of the observed health effects. This implies that
some other component of the urban PM, such as fine par-
ticles from combustion, is related to the observed effects.
An important distinction must be made between chronic
and acute health effects. Some health effects, such as
chronic bronchitis, emphysema, pneumoconiosis, fibro-
sis, and lung cancer, are associated with many years of
exposure to the combustion emissions or other inhalable
toxic agents. The acute effects of particle inhalation in-
clude hospital admissions associated with asthma, bron-
chitis, pleurisy, pneumonia, and cardiovascular disease.
Time-series epidemiology studies show that these effects
typically lag the changes in PM level by 1-5 days.?*s Dur-
ing the 1952 London Fog event, a temperature inversion
trapped the air pollution, allowing the buildup of com-
bustion emissions to lethal concentrations over a period
of four days in December. The increase in deaths was al-
most 4-fold during the episode, and the effects started
within a day of the onset of the pollution increase.

The mass concentration increments addressed by
ambient air epidemiology studies are orders of magnitude
below the inhalable particle concentrations for PM in
occupational settings. Average concentrations of diesel PM
ranging up to 1400 pg/m? have been reported in studies
of underground mines.*° Typical allowable 8-hr concen-
trations for general “nuisance dusts” in occupational set-
tings range from 2000 to 10,000 ng/m?, and these
measurements are usually stated in mg.**! Few papers have
proposed toxicological mechanisms that are based on
particle mass alone at ambient concentrations. Particle
mass, which has been the focus of most ambient PM epi-
demiology, is likely to be a surrogate for the real agent.
However, Harrison and Yin,?*%? in a review of PM health
effects, discussed the uniformity of epidemiologic corre-
lations between PM concentration and health end points
observed in different regions of the world with different

proportions of SO, NO,-, crustal material, and other
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major PM components. They concluded that the avail-
able data provides little support for the idea that any single
major or trace component of PM is responsible for ad-
verse effects, but acknowledged that there is evidence that
particle size rather than mass may be the appropriate
measure to correlate with health effects.

Respiration and Particle Inhalation

The respiratory system will be briefly discussed to pro-
vide a background for the discussion of human popula-
tion, whole animal, and cell culture studies of combustion
particles. Concise descriptions of the human respiratory
system, written in the context of air pollution engineer-
ing, include those by Carel*® and Degobert.?*8 Guyton
and Hall’s textbook is recommended for a comprehen-
sive introduction to cardiopulmonary physiology,*¢* while
Netter’s collection of illustrations is recommended for vi-
sualizing respiratory anatomy.>¢

The observed statistical associations of ambient PM
mass concentration with morbidity and mortality lead to
the mechanistic question: How can a small increase in
the mass of inhaled particles deposited cause sickness or
premature death? A person inhales from 6 to over 12 m?/
day of ambient air, depending on age and physical activ-
ity. This air contains a wide variety of natural particles
from geological and biological sources as well as anthro-
pogenic pollutants. The deposition of supermicron par-
ticles by inertial impaction and of submicron particles by
diffusion depends on the gas velocity and residence time
in various sections of the airway and lung. A widely used
model of size-dependent deposition in the nasopharyn-
geal, tracheo-bronchial, and pulmonary regions of the
respiratory system?®® is reproduced in many references,
for example, Wilson and Spengler.*” Most of the PM,  mass
is deposited in the nose and throat, while ~60% of in-
haled PM_, is deposited in the lung. Actual size-depen-
dent particle deposition depends on age, health, and
especially on nasal versus oral breathing.3%

Assuming typical values for respiratory volume and
alveolar deposition efficiency, a calculation shows that a
10-ug/m? increment in ambient PM, ; results in an incre-
ment of 0.02-0.05 mg of particles deposited in the lung
per day. This has lead to the opinion that either some
component of ambient PM is highly toxic or that some
individuals are highly susceptible. Alternatively, particle
number may be considered. Assuming typical values for
ventilation rate, lung surface area, and epithelial cell size,
a calculation indicates that a typical urban, near-high-
way concentration of 10° particles/cm? results in an al-
veolar deposition rate of ~1 particle per cell per day. Figure
17 shows the relative size of the microscale structures in
the alveolar region of the lung compared to a range of
ambient particles.?643¢536¢ The accompanying graphs in
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Figure 17 show a typical urban aerosol mass distribution
and the calculated number of particles deposited per al-
veolus per day as a function of size. The calculated depo-
sition assumes an ambient concentration of 100 ug/m? of
PM,,, with 40% of the mass being smaller than 2.5 um,
and 2% being smaller than 0.1 pm. The deposition is cal-
culated using the size-dependent deposition fraction3¢¢
and assumes uniform deposition to all alveoli. This analy-
sis shows that fewer than 1 in 1000 alveoli has a coarse
particle deposited per day, but that a typical alveolus may
be exposed to several hundred ultrafine particles per day.

The body has defenses to rapidly remove inhaled par-
ticles. A mucus layer, moved upward by cilia on the cells
lining the airways, transports particles from the respira-
tory system to the throat, where they can be coughed up
or swallowed. The terminal airways and alveoli lack cili-
ated cells. Mobile macrophage cells take up particles by
phagocytosis and remove the particles from the alveoli
by active transport into the ciliated airways. Particles are
also removed from the lung by dissolution and by trans-
port into the lymphatic drainage system. A fraction of
the inhaled particles is retained for a long time in the
respiratory system, either in the airways or in the intersti-
tial spaces. The process of clearing particles from the lungs
can induce secondary physiological responses including
coughing and inflammation. The mammalian respiratory
system is likely to have evolved clearance mechanisms
that are appropriate for the natural background particle
number concentrations. A plausible hypothesis is that the
large numbers of ultrafine particles in the urban aerosol
may simply overload the ability to clear particles from
the lungs. Alternatively, some specific types of inhaled
particles may interact with the body’s nervous and bio-
chemical signaling pathways, resulting in an amplified
response.

Identification of specific particle types in the ambi-
ent mixture that are biologically active for specific health
effects is an active area of research.?® The effects of in-
haled particles may increase with decreasing particle size
due to several factors: finer particles are deposited in the
lung rather than in the upper airway; finer particles have
greater surface area per unit mass, which enhances solu-
bility; and finer particles can enter cells more readily and
can be transported from the lung to other organs. The
living cell interacts with the surface of a particle, so sur-
face chemistry, not the volume average composition, is
likely to be most relevant for biological effects of low-
solubility particles.

Controlled Exposure to
Concentrated Ambient Particles
Inhalation exposure studies complement the results of epi-
demiology studies. The effect of particulate air pollution
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Figure 17. Scale drawing comparing ambient particles to structures in the aveoli of the human lung. The graphs show a typical ambient PM mass
distribution and the expected number of particles of each size deposited per alveolus per day. Submicron particles are suspected to be important for
health effects because of the large number deposited in the lung and because these particles can move into the interstitial space and blood stream.

Compiled from information in refs 364, 365, 369.

can be amplified by conducting controlled inhalation
exposure studies with concentrated ambient PM. This has
been facilitated by the development of virtual impactor
particle concentrators®’®*7? and centrifugal particle con-
centrators®’® that keep the aerosol suspended while sepa-
rating the gas from the particles. These particle
concentrators can be staged to supply an inhalation cham-
ber with air containing a 10-fold or higher concentration
of ambient PM. Studies of this type are being conducted
with both human volunteers®>* and with laboratory ani-
mals.?’#375 An early conclusion is that healthy adults show
no adverse impacts from short duration exposure to con-
centrated ambient particles.3?332¢

Laboratory Studies with Surrogate Particles
A disadvantage of both epidemiologic studies and stud-
ies using concentrated ambient PM is that the subject
is exposed to a complex mixture containing contribu-
tions from many sources, most of which are unknown
or poorly characterized. An alternative is to conduct
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studies with laboratory-generated surrogate particles
from well-characterized sources. This approach is most
appropriate for conducting mechanistic hypothesis-
based toxicological experiments, since the investigator
can specify the particle characteristics used for the test
and control condition pairs. An example of this type of
study involved supplying fresh laboratory-generated
coal fly ash particles to animal inhalation chambers as
part of a study of the combined effects of H,SO, and
coal fly ash.??7¢ Inhalation studies involving ultrafine
and nanoparticle PM also require having a laboratory
particle generator connected to the inhalation cham-
ber due to the rapid transformation of the particles by
coagulation.?”” Surrogate particle inhalation studies re-
quire close cooperation between the life sciences and
aerosol team members as well as physical proximity of
the animal care and combustion facilities. Due to the
cost and complexity of conducting animal inhalation
studies at combustion facilities, alternative experimen-
tal methods are common.
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Inhalation of resuspended particles allows the par-
ticle generation and collection to be separated from the
exposure studies. There is little difficulty in resuspending
2.5- to 10-um aerosol particles, and resuspension is also
suitable for testing hypotheses related to particle chemi-
cal composition if particles with size-independent com-
position are available. Surface forces make the dispersion
of submicron particles difficult, so resuspension has seri-
ous disadvantages if the hypothesis involves testing size-
dependent effects. Improved methods for particle
resuspension have been developed.378-38

Alternatively, particles may be instilled into the lung
as a suspension in saline solution. Despite the artifacts
introduced by this invasive procedure, instillation stud-
ies have been used to investigate combustion particle ef-
fects.317329.331381 Cell culture studies involve mammalian
cells or bacteria growing in an appropriate medium. Nor-
mally, the cells grow as a layer on the bottom of the cul-
ture dish or flask. The cells can be systematically exposed
to various types of combustion particles or particle ex-
tracts to test specific biochemical hypotheses.?'432 The
biochemistry of single cells, especially cell lines derived
from tumors, can differ from the responses that occur in
the normal whole animal. Also, cell culture studies do
not include any effects related to the interaction of the
respiratory tract and nervous system with the particles.

In vitro experiments performed with purified chemi-
cals under cell-free conditions can isolate specific mecha-
nism steps such as the rate of mass transfer of a potentially
toxic component from a combustion particle. But even
experiments that simulate physiologically relevant con-
ditions simulate only a fraction of the biochemistry that
takes place in a living organism.

Laboratory experiments with surrogate particles can
be conducted in vitro, using cell-free models of selected
biochemical steps; in cell culture, using established cell
lines; and in animal models of the human respiratory sys-
tem. Specific mechanistic hypotheses can be tested by
using well-characterized particles from known sources.
These types of studies provide an important link between
fundamental biochemistry and human population stud-
ies. The next section will discuss some of the hypotheses
that are topics of current PM research.

Cardiopulmonary Effects of Particles
An active hypothesis is that the observed cardiac symp-
toms associated with particle inhalation may be medi-
ated by the nervous system. Certain nervous
system-activated changes in heart rate, blood pressure,
blood viscosity, and heart-rate variability are associated with
an increased likelihood of sudden cardiac death.’® A study
of 90 elderly subjects showed that changes in blood oxy-
gen saturation were not associated with exposure to
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particle air pollution, but increased pulse rate was associ-
ated with exposure to particle air pollution on the previ-
ous 1-5 days.** A decline in heart-rate variability is a
quantitative indication of impairment of the autonomic
function, that is, a decline in the ability of the cardiorespi-
ratory system to respond to changes. A decrease in heart-
rate variability has been observed for persons exposed to
increased ambient PM, in Utah®* and to increased PM,
in the Boston area.*¢ Cardiac monitoring may provide a
sensitive indication of acute response that will be useful in
identifying the relative importance of different components
of ambient aerosol. Exposure of dogs with induced coro-
nary occlusion to concentrated ambient particles affected
one of the major electrocardiogram signs of myocardial
ischemia,*” and other cardiac and respiratory parameters
were also affected. This suggests a plausible mechanism
by which persons with existing heart disease may become
more susceptible to serious cardiac effects when they are
exposed to some component of ambient PM.

Biochemical Signaling

The nervous system and other biological signaling path-
ways can result in enormous amplification of a stimulus.
Persons with hay fever or asthma are familiar with the
massive response that can occur within minutes of expo-
sure to an allergen. Cytokines are intracellular signaling
molecules that mediate many protective physiological
functions such as increasing the blood circulation and
recruiting leukocytes (white blood cells) at the site of an
infection. Cytokines can also induce potentially harmful
responses such as prolonged tissue inflammation and de-
velopment of fibrosis in response to irritants.*®”*% Lung
inflammation has been associated with exposure to el-
evated ambient PM, %3 and a number of studies are fo-
cusing on the relationship of inhalable particles to the
biochemical events leading to lung inflamma-
tion.198:317,326,344,391-394 Combustion particles may contain
specific chemical species that are able to activate biologi-
cal signaling pathways, and a number of these hypoth-
eses involve transition metals.

Transition Metals and Biochemical Processes
Particles provide a vehicle for metals to enter the body in
inappropriate amounts. Much of the literature on the tox-
icity of solid-phase metal compounds is based on inges-
tion rather than on inhalation.*s Ingestion dose-response
relationships may be relevant for the effects of larger par-
ticles that are deposited in the upper airways but are rap-
idly cleared from the respiratory system to the throat,
where they are swallowed. However, submicron particles
are deposited deep in the lung, and ultrafine particles are
able to pass from the lung directly into the body.**! There
is increasing evidence that the same element has very
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different behavior when inhaled than when ingested. Mn,
a necessary trace mineral in the diet and a controversial
octane-boosting additive in gasoline,*® provides an ex-
ample. Dietary Mn is homeostatically regulated by the
liver, and ~3% of ingested Mn is absorbed.*” Inhalation
bypasses the digestive system, and up to 40% of inhaled
Mn is absorbed.?%

The dose of a particle-bound element that is avail-
able to the body depends on the entry route, the particle
size and morphology, and the mineral species in the par-
ticle. When conducting laboratory experiments on metal
bioavailability, it is necessary to distinguish between in
vitro, extracellular, and intracellular behavior, since the
solubility of transition metals from a given combustion
ash mineral species depends on the pH and the presence
of chelators. Many chelators are present in cells, and some,
such as citrate, are present at millimolar concentrations.

Transition metals on inhaled particles may act as bio-
chemical catalysts that can induce other biochemical re-
sponses. Transition metals, such as V, Cu, Fe, and Pt, can
catalyze the generation of ROS*” that have been associ-
ated with both direct molecular damage and with the
induction of biochemical synthesis pathways. Coal fly
ash and residual oil fly ash have been studied as examples
of combustion particles enriched in transition metals.
Residual oil fly ash has been shown to induce inflam-
matory cytokines in human bronchial epithelial cells®!*
and both lung inflammation?®?¢ and cardiac arrhythmia's®
in inhalation studies with rats. Coal fly ash has been
shown to be a source of bioavailable iron**?* and can also
induce inflammatory cytokines in human lung epithe-
lial cells.?** Generation of ROS and induction of cytokines
in human bronchial cells has also been reported in stud-
ies of diesel exhaust particles.*®® The amount of
bioavailable transition metals contained in particles has
been associated with acute lung inflammation from both
combustion and ambient particles.?!” Studies have con-
sidered the water-soluble transition metals,’>® metals as-
sociated with organic material,**> and metals that can be
mobilized by an intracellular chelator at physiological
conditions.?*

A study of ROS generation in polymorphonuclear leu-
kocytes (a white blood cell type frequently found in the
airways of persons exposed to particles) using oil fly ash,
coal fly ash, carbon black, natural dust, and ambient par-
ticles reported that the ROS correlated with the fraction
of Si, Fe, Mn, Ti, and Co that was not removed by dis-
tilled-water washing.*! In studies with coal fly ash and
geological dusts,*? the amount of bioavailable Fe under
physiologically relevant in vitro conditions did not cor-
relate with the total Fe in the particles, as shown in Fig-
ure 18.342343403404 Cyltured human lung epithelial cells
(Type A549) were exposed to PM -enriched coal fly ash
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Figure 18. Iron mobilized by the chelator citrate and physiological
pH from three types of coal fly ash, two types of dust from unpaved
desert roads, mine tailings, urban particles, and pure iron oxides. The
mobilized iron does not correlate with the total iron in the particles.
Data sources: urban particles,*? CFA,*® geological dusts,** iron
oxides. %

both as-collected and after pretreatment with the chela-
tor desferrioxamine B. The chelator removed the ability
of the coal fly ash to induce the synthesis of the
proinflammatory cytokine IL-8.34* Mdssbauer spectroscopy
of the coal fly ash before and after the desferrioxamine B
treatment showed that Fe in an aluminosilicate glass phase
was preferentially removed.**® Fe in aluminosilicate glass
occurs in combustion ash that is produced by rapid
quenching from high temperature, but is not commonly
found in dusts with similar elemental composition that
have been produced by geological weathering.

Traditional mass transfer and heterogeneous chemi-
cal reaction theory*®® was applied to analysis of the mea-
sured rate of Fe mobilization from various sizes of coal fly
ash by the chelator citrate. The rate of Fe mobilization
was consistent with solid-phase-limited diffusion mass
transfer, but the final values were consistent with size-
dependent differences in initial composition.**> Such size-
dependent composition differences are expected from the
mechanism of coal fly ash formation described in the fun-
damentals section above. These results show the impor-
tance of particle size and chemical speciation in the
activation of specific biochemical pathways and suggest
mechanistic reasons for differences in the response of the
body to combustion and geological particles.

Soot and Biochemical Processes
Soot is the major type of combustion-derived ultrafine PM,
and associated organic and inorganic compounds cause soot
to have mutagenic, carcinogenic, and irritant properties. A
study of size-fractionated urban PM showed that the mu-
tagenic activity increased with decreasing particle size,?*
which is consistent with expectations for organic compounds
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condensed on submicron combustion particles. The inde-
terminate chemical composition of the EC and OC mix-
ture emitted from combustion, ranging from fuel-like
hydrocarbons to primary particles formed from graphite-
like fused aromatic rings, greatly complicates biochemical
studies. Carbon black is often used as a surrogate for the
EC component of real combustion soot.?***?% Various sol-
vent extracts of soot, or isolated compounds such as spe-
cific PAH species, have been used as surrogates in
toxicological studies of the OC fraction of combustion soot.
Many PAHs are suspected carcinogens and mutagens,*°® and
there has been considerable controversy regarding the role
of nitroaromatic compounds because of the differing re-
sults in bacteria and mammalian cells.*” Quantified com-
pounds account for only a fraction of the observed
mutagenicity of real soot mixtures.

Chlorinated polycyclic aromatic compounds, espe-
cially polychlorinated dibenzo-p-dioxins, and furans are
also associated with combustion emissions. These com-
pounds are fat-soluble, accumulate up the food chain, and
have been suspected to disrupt or mimic the action of
developmental hormones.**”® The most-studied effects in-
volve chronic exposure, but the possibility of acute ef-
fects from these compounds cannot be ruled out. The
chlorinated dioxin and furan compounds are a special
concern for municipal and medical waste incineration.?!
Emissions of chlorinated dioxin and furan compounds
do not appear to be a problem when burning fuels that
contain more sulfur than chlorine, such as coal.

Ultrafines

Ultrafine particles and nanoparticles have been proposed
by some health researchers®”’ as the biologically impoz-
tant ambient particle. Ultrafine particles are deposited by
diffusion deep in the lung and have been found by
Oberdorster et al.?*! to be retained in the lungs. Ultrafine
particles can also pass through the cells lining the lung
and enter the interstitial space. Table 9 summarizes stud-
ies with micron-sized and ultrafine particles of the same
compound.?19:329.331,409-411 The data show that ultrafine par-
ticles often have a greater biological effect than an equal
mass of larger particles of the same substance.

For slightly soluble particles, the high surface area of
ultrafine and nanoparticles can result in a faster release of
toxic compound than would result from larger particles
of the same composition. The concentration of a toxic
substance reached in cells or in body fluids is the dynamic
result of the relative rates of release from the particle and
of clearance of the toxic material from the body.

Synergistic Effects
The combination of multiple toxic substances often has a
much greater effect than the sum of the effects of the
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individual substances. Historically, emissions of combus-
tion particle and sulfur oxides have been closely linked.
Separating the effects of these pollutants was difficult since
both were produced from burning coal. Coal was used
extensively in urban areas for both industrial steam en-
gines and domestic heating in Europe and North America
prior to the 1950s, when natural-gas pipelines, automo-
biles, and regulations for large industrial sources changed
the emission pattern. European regulations treated these
pollutants as a combination and set a limit on SO, that
varied with the smoke concentration (roughly a measure
of EC).?2412 The assumption underlying this approach was
that acid gases adsorbed on the surface of particles could
be transported into the lung, whereas vapor-phase acid
would diffuse to the wall of the upper respiratory tract.
Amdur and coworkers conducted extensive studies of the
health effects of H,SO, aerosols, both as a pure compo-
nent and in combination with coal fly ash.2526413

Amdur®?® reported that a 10-fold increase in dose
with acid aerosol alone was required to match the effect
on lung-diffusing capacity caused by inhalation of H,SO,
condensed on PM. A concentration of 310 mg/m? of
H,SO, mist corresponded to the same change in diffu-
sion capacity as occurred when the H,SO, was surface-
layered on a coal fly ash particle at a concentration of 30
mg/m?. In addition, the type of particle was also impor-
tant. Amdur found that with lignite, which has higher
Ca and Na than does bituminous coal, the H,SO, reacted
with the alkali to form sulfates. With bituminous coal,
which has Al, Si, and Fe-rich ash, H,SO, persisted on the
particles. Synergistic effects between other combustion-
generated pollutants occurring on the same particle have
been studied. For example, the combination of
benzo[a]pyrene adsorbed on carbon black caused release
of tumor necrosis factor-alpha and caused programmed
cell death of lung macrophages, but neither carbon black
nor benzo[a]pyrene had this effect alone.?!¢ Other syn-
ergistic effects involve particles plus a gas-phase pollut-
ant, such as O,.3%°

Importance of Chemically Speciated
PM Sampling
Equal mass doses of sea salt, desert dust, and diesel ex-
haust are unlikely to have the same effect on the body.
The startup of a large number of air monitoring sites that
will routinely report individual chemical categories of PM
(EC, OC, SO,*, NO;, other inorganic) and the funding of
EPA particulate research centers and Supersites will pro-
vide input data for epidemiology studies. Improved char-
acterization of combustion and other PM sources will
provide data needed to relate the chemical speciation at
receptor sites to the major sources. Controlled toxicology
studies using exposure to well-characterized components
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Table 9. Studies of ultrafine vs. larger particles of the same substance.

Lighty, Veranth, and Sarofim

Material Dose/Method References Results

Titanium dioxide Rat, instillation 331 Increased pulmonary toxicity of ultrafines related to surface area and the

20-nm and 200-nm ability to enter interstitial spaces. Alveolar macrophage involvement.

Titanium dioxide Rat, inhalation, 410 Greater inflammatory response at equal dose with 20-nm particles.

20-nm and 250-nm 22 mg/m”, 6 hr/day for 6 months

Titanium dioxide Rat explants in vitro 411 Ultrafine particles were able to induce procollagen expression, which is

21-nm and 120-nm related to development of airway fibrosis.

Carbon black Rat, instillation 329 Ultrafine carbon black had greater ability to produce lung inflammation at low dose.
14-nm and 260-nm

Carbon black Rat, inhalation 319 No effect with 260-nm particles. Ultrafine produced proinflammatory response,
14-nm and 260-nm 1 mg/m®, 7 hr one-time oxidative stress, increased procoagulant blood factor.

Magnesium dioxide Human, inhalation 409 No significant differences in bronchoalveolar lavage cell concentration or cytokine

UF, 28% < 0.1 um
F.98% < 2.5 um

concentration. Suggested that particle composition, not size alone, is significant.

of ambient aerosol will be needed to develop a mechanis-
tic understanding of how particles affect the body.

AIR QUALITY REGULATIONS

The preceding discussion of the respiratory system and
air pollution health effects sets the framework for discuss-
ing air quality regulations. These regulations have the
primary purpose of protecting human health and the sec-
ondary purpose of reducing other environmental impacts
of pollution. Environmental laws must be unambiguous
for the regulated sources, the enforcement agencies, and
the affected public. A prerequisite to developing a rule is
that a means must exist to measure the component(s) to
be regulated so that compliance monitoring can take place.
This monitoring must be cost-effective and reproducible.
As a result, the existing regulations focus on regulating
ambient concentrations of pollutants for which reason-
able cost, robust, and precise measurement methods are
available.

Three sections of the U.S. Clean Air Act apply directly
to PM. The most important of these are the NAAQS, which
include PM,; and the newly implemented PM, , regula-
tions. The EPA**! has indicated that the PM, trend is im-
proving, with a decrease of 26% in average ambient
concentrations from 1988 to 1997. In 1987, the original
NAAQS for total suspended PM was replaced by a PM
standard set at 150 pg/m?® 24-hr average and 50 pg/m?
annual average. The legal requirement to periodically re-
view the standards, combined with growing epidemio-
logic evidence and a citizen lawsuit, lead to further
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rulemaking. In 1997, the EPA revised its existing PM stan-
dards by adding the PM, ; standard.*'* The annual stan-
dard is set at 15 ng/m?, with a new 24-hr standard set at
65 pg/m®. The PM,; annual standard was retained, but
the statistical method of determining compliance with
the 24-hr average was modified. The scientific evidence
considered by the EPA in setting the standard was com-
piled into a criteria document.?*

It should be noted that the standard was recently (May
14, 1999) challenged, and a panel of the U.S. Court of Ap-
peals for the District of Columbia remanded the new stan-
dards for PM, ; and O,. In a summary of the decision, the
EPA points out that the court did not question the health
evidence for the standard; rather, the decision required more
explanation of the process used to set the standard. Con-
gress has required the National Research Council to form a
committee to guide the PM research and monitoring
agenda. This committee is charged to write four reports
between 1998 and 2002, when EPA is to complete a 5-year
scientific review of the standards, leading to possible revi-
sion. Two of the four reports have been completed.*541¢
The current regulation is based on PM, ; measured by the
Federal Reference Method. This mass is dominated by sec-
ondary SO,* and NO," aerosol and by EC and OC. Submi-
cron inorganic ash and ultrafines from combustion are a
small part of the PM, ; mass in many locations. However,
the mass measurements do not directly relate to the previ-
ously discussed mechanistic toxicological hypotheses.
Other characteristics, such as the morphology and chem-
istry of ultrafine particles, may be more important than
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simple mass. The EPA is attempting to address this fact by
its ambitious Supersite program. These Supersites intend
to support the on-going health studies by obtaining chemi-
cal- and time-resolved data using a range of research meth-
ods. However, one must realize that cost-effective, robust,
and simple monitoring methods must be available before
any change in the present standards can be realistically
promulgated and implemented.

The second regulation can be found in the regional
haze rule.*” Decreased visibility occurs due to the scatter-
ing and absorption of light by particles. This is of particu-
lar concern in the 156 National Parks and Wilderness Areas
that are designated as mandatory Class I air quality areas
in the United States. Since fine particles are transported
over hundreds of miles, all 50 states will have to partici-
pate in planning, analysis, and, in some cases, emission
control programs. Since submicron particles scatter light
efficiently, combustion-generated PM has a large impact
on visibility, even when the primary combustion PM rep-
resents a small part of the total PM, , mass. The EC, which
results in light absorption rather than light scattering, is
particularly important for visibility. In addition, second-
ary PM, not covered by this review, is important. Regula-
tions to control acid rain precursors and photochemical
smog precursors also reduce the ambient particle concen-
tration, since SO, and NO, are also the precursors of sec-
ondary SO,* and NO," particles. Visibility rules may prove
to be more stringent than health standards in controlling
the emission of submicron particles from combustion
sources.

Finally, the Clean Air Act Amendments of 1990 require
the EPA to address 188 hazardous air pollutants (HAPs). In-
cluded in this list are As, Be, Cd, Co, Cr, Hg, Ni, Mn, Pb, Sb,
and Se, which are contained in fuels. The accumulation of
toxic metals, such as Se and Hg, and the accumulation of
persistent organic compounds, such as chlorinated dioxins
and furans, in ecosystems is a concern that affects standards
for combustion particle emissions. Current regulations fo-
cus on sources emitting greater than 25 tons/year, and elec-
tric utility steam-generating boilers are temporally exempt
from the regulations. Due to amplification in the food chain,
and to public concern for wildlife and endangered species,
these indirect effects of particles may also result in more
stringent regulation of sources. Complying with the eco-
logical goals of the HAP regulations will require an under-
standing of the relationship between combustion conditions
and the emissions of these trace elements.

Adverse health effects originally identified by epide-
miology studies motivated the public perceptions and le-
gal actions that have resulted in new regulations for
ambient PM. Current air quality standards are based on
the mass of particles smaller than a specified size; how-
ever, toxicological studies may eventually identify
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specific categories of ambient PM that need stricter con-
trol to protect public health. Advances in understand-
ing the formation and transformation of combustion
aerosols and advanced monitoring techniques must take
place to meet the challenge of setting and complying
with regulatory standards.

TIME- AND SIZE-RESOLVED PARTICLE
MEASUREMENTS

The ability to test various health-related hypotheses is
closely linked to which PM characteristics can be mea-
sured at combustion sources and in the ambient air. The
particle measurement issues that are especially relevant for
testing current health effects hypotheses regarding metals,
ultrafines, and soot from combustion sources include

e Measurement Artifacts. This includes all the par-
ticle transformations that can be different be-
tween a sampling train and the ambient air. Due
to the effects of temperature-dilution history on
the partitioning of chemical species between the
gas phase and the particles, the PM that is mea-
sured in the laboratory may have a different size-
dependent composition than the PM to which
the population is exposed. Also, transformation
of the particle size distribution due to coagula-
tion, surface condensation, chemical reactions,
and size-selective removal may occur as a result
of the sampling methodology.

e Instrument Limitations. Methods are needed to
measure particle-to-particle variation, which pro-
vides information that is lost in the bulk average
properties of the PM collected by filter sampling.
Rapid response instruments are needed to quan-
tify short duration transients in particulate air
pollution that may have significant health effects.
Many methods for measuring aerosols that were
developed for supermicron particles need to be
modified or extended for ultrafine PM.

Measurement Artifacts
The historic regulation of the total PM mass smaller than
a given size has produced precise mass measurement tech-
niques. Since the largest particles dominate the mass, there
has been an emphasis on isokinetic sampling. There has
also been concern about equilibrating the samples to con-
stant humidity before weighing, even though the mass of
particle-bound water is unlikely to have biological impor-
tance. The techniques that yield precise mass measure-
ments may, however, introduce serious artifacts if the goal
is to obtain data on submicron particle composition and
size distribution. For example, allowing air of variable tem-
perature, pollutant concentration, and humidity to pass
over the accumulating filter deposit for 1-6 days can strip
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the more volatile species from the collected particles be-
fore the sample is weighed. This has led to the develop-
ment of samplers that can quantify the volatile PM.418:419
While there is uncertainty regarding the significance of
the mass of volatiles adsorbed on particles, this serves as
an example of the importance of using appropriate par-
ticle measurement methods when testing a given toxico-
logical hypothesis.

Condensable PM, that is, material that condenses into
a liquid or solid within a few seconds of leaving the stack,
can be comparable in mass to the filterable PM, measured
in the stack of a power plant.**® Currently, U.S. regulations
do not require measuring condensable PM when stack-
testing stationary sources. This is another example of how
measurement protocols developed for regulatory compli-
ance do not collect the data that is most needed for health
and environmental studies.

Dilution tunnels were developed for measuring con-
densable particulate, including both SO >~ aerosol and or-
ganic compounds from vehicle exhaust and stationary
sources of VOCs.?842! The dilution tunnel process involves
mixing the hot combustion emissions with filtered air, al-
lowing a short residence time, then extracting a particu-
late sample for either on-line analysis or for collection on a
filter. Dilution tunnels were developed to measure mass
and chemical composition of PM. The possibility that a
laboratory dilution tunnel could create a different particle
size distribution than the size distribution that occurs dur-
ing natural dilution was pointed out by Kittelson and Dolan
20 years ago.*”? Since then, many papers have discussed
the artifacts that can occur in dilution tunnels.?65423-428

The formation of particles during dilution depends
on the opposing effects on condensation of the decreas-
ing saturation pressure of the volatile species due to cool-
ing and the decreasing partial pressure of the volatile
species due to mixing. The saturation reaches a peak in
the dilution range of 5:1 to 50:1, depending on the boil-
ing point of the volatile species and the initial tempera-
tures of the exhaust and dilution gases. Particles will be
formed by nucleation if the mixture stays in this dilution
range for sufficient time for significant mass transfer to
take place. Typical dilution tunnels operate in the range
of 3:1 to 20:1 and have residence times on the order of
seconds, so critical supersaturation may be exceeded long
enough for formation of nuclei particles followed by rapid
growth from condensation. The formation of H,SO,/H,O
particles is an example in which dilution conditions in-
fluence the measured particle number both in dilution
tunnels*” and in the atmosphere.*°

Unlike mass, particle number is not conserved, and
the effect of dilution conditions makes it difficult to com-
pare the particle number size distributions measured by
different investigators. This is especially important when
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using combustion source measurements for investigating
the health effects of ultrafines and nanoparticles. Changes
in particle number of up to 2 orders of magnitude have
been reported when conditions were varied over the typi-
cal range used in laboratory dilution systems.*? Initial
combustion exhaust conditions, dilution history, dilution
gas temperature and relative humidity, and the residence
time interact to affect nucleation and surface growth.
Careful interpretation of conditions used for experiments
is required. For example, diesel exhaust studies have re-
ported that high dilution ratio both increases*?* and de-
creases*” formation of particles below 50 nm.

Research studies of the particulate emissions from IC
engines fall into two groups: studies of the transient mix-
ing and chemical reactions inside the cylinder, and stud-
ies of the tailpipe emissions to the atmosphere. Between
these points is the exhaust system in which the undiluted
exhaust cools and ages, but is not diluted. The gas resi-
dence time in the engine cylinder is 10-30 msec, depend-
ing on engine speed. The time from the cylinder to the
atmosphere for a typical heavy-duty truck engine exhaust
system is 100-300 msec, about 10 times greater. The ex-
tractive particle sampling systems used by various inves-
tigators can add another 0.25-1 sec or more to the age of
the aerosol before dilution begins. The dilution of tailpipe
exhaust under highway conditions starts at the tailpipe
and is about 1000:1 after 1 sec.**® The coagulation of equal
size particles is proportional to #?, so most particle growth
by coagulation takes place prior to the onset of exhaust
dilution. Under urban conditions, once combustion ex-
haust is diluted more than ~100:1, the collisions between
accumulation mode particles from the ambient air and
ultrafines from the combustion source become significant
compared with the coagulation between ultrafine particles
originating from a single source.

The ultrafine particle size distribution formed from
hot diesel exhaust in a laboratory dilution tunnel operat-
ing with filtered air may be very different from the size
distribution formed under roadway dilution conditions
with ambient air. Ambient air contains accumulation
mode particles that, due to the increased collision rate
between particles of different size, increase the rate at
which the nuclei and condensation mode ultrafines are
depleted. A novel approach to studying dilution effects
involves the simultaneous use on a moving truck of both
a dilution tunnel extracting from the tailpipe and an in-
plume sampler with the inlet mounted on the rear of the
trailer.**! For these experiments, the dilution system mea-
surement showed a smaller accumulation mode mean size
than did the in-plume measurement.*

Nanoparticles are difficult to measure because they
are rapidly transformed by coagulation, surface growth,
and transport to the walls of the equipment. Internal
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combustion engine particle number measurements may
contain artifacts from the sampling lines due to both
desorption of condensed material and reentrainment of
deposits. A dynamometer study comparing tailpipe and
dilution tunnel measurements of gasoline vehicle ex-
haust particle concentration found that a heated and
insulated transfer line resulted in a very intense
nanoparticle mode when the drive cycle involved op-
eration at high vehicle speed.*** This ultrafine mode was
not detected under identical operating conditions with
an unheated transfer line. This artifact was attributed to
the hot exhaust increasing the transfer line temperature
above 180-250 °C, resulting in desorption/pyrolysis of
organic material in the line.

There is a need for improved technology for making
laboratory measurements of combustion PM that can be
related to the real behavior of particles in the combustor
exhaust, the initial plume, and the atmosphere. Computer
simulations of the fundamental mechanisms of aerosol
formation and transformation can be used to interpret
and compare particle size distribution data collected un-
der various dilution configurations. Rapid dilution is es-
sential if the ultrafines generated in combustion are to be
measured. Likewise, ultrafines are most likely to survive
from the combustion source to inhalation exposure when
there is rapid dilution with relatively clean ambient air.

The commonly used instruments have limitations
that may introduce artifacts into measurements of
ultrafine particles. Many published graphs of combustion
particle number distributions show the highest concen-
tration in the smallest size range measured by an SMPS.
This makes the integrated total particle number suspect
since there may be extremely high concentrations of un-
detected nuclei particles present. Some authors explicitly
acknowledge this measurement truncation problem by
stating the results as the total number within the range of
the SMPS. Another approach, for example, that used by
Khalek et al.,?®* is to fit a lognormal distribution to the
data with an algorithm that allows for truncated mea-
surements. Truncation of the measured size distribution
is an important issue both when using experimental data
as the input to a coagulation model calculation and when
testing toxicological hypotheses related to ultrafine par-
ticle number.

Characterization of particle number and chemical
composition from combustion and other PM sources is
important for both source apportionment studies of the
submicron ambient aerosol and for designing controlled
tests of particular toxicological hypotheses regarding
ultrafines, metals, and synergistic effects between par-
ticle components. The size distribution measured from
dilution tunnel sampling shows artificially high num-
bers of particles. However, there is also the possibility

1602 Journal of the Air & Waste Management Association

that a substantial portion of the nuclei is below the de-
tection limit of the instruments used.

Instrumentation Needs

To understand what particle characteristics affect human
health, we must develop ways to make inexpensive, ro-
bust measurements of particle size distribution, morphol-
ogy, and chemical speciation. The important variables
have not yet been identified, but the current inhalation
toxicology research direction suggests that a better un-
derstanding of health effects will require more time-re-
solved, size-segregated, chemically speciated data from
both combustion sources and ambient monitors. Testing
of epidemiologic hypotheses requires wide-scale, long-
term measurement of PM characteristics. The characteris-
tics selected for measurement should be economical to
quantify under field conditions and should be well corre-
lated with the factors that are suspected to be biologically
significant.

Filter samples provide only time-averaged aerosol
properties, but individual particle composition contains
information that is important for both source apportion-
ment and toxicology studies. The urban aerosol contains
contributions from nearby and regional sources, both
natural and anthropogenic, that have aged in the atmo-
sphere from minutes to days. A typical ambient particle
that is inhaled consists of coagulated primary combus-
tion particles or geological particles, coated with some
mixture of condensable organic species, secondary SO,*
and NO,, and H,O at equilibrium with local humidity.
The particle-to-particle variation reflects different sources
and transformation histories. The different particle types
within the ambient mixture are likely to have different
effects when inhaled. The information on particle-to-par-
ticle variation is preserved by single particle techniques,
such as electron microscopy and aerosol mass spectrom-
etry. However, it is necessary to efficiently measure a sta-
tistically large population of particles to obtain meaningful
ensemble averages of the ambient PM as a function of
time and place.

The wide variation in the physical and chemical char-
acteristics of combustion PM emissions as operating con-
ditions change creates a need for near-real-time
measurements that can capture both the transient emis-
sions and the variation between individual sources in a
category. For IC engines, toxicological hypotheses moti-
vate a desire to characterize the soot, the soluble organic
compounds including individual PAH, the ultrafine par-
ticle number, and the metal speciation with various fuels
at various speeds and loads. Likewise, measurements of a
few boilers, gas turbines, or fireplaces cannot be expected
to fully describe the emissions from all similar sources.
One of the most challenging combustion PM problems is
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to characterize highly variable sources such as open burn-
ing and domestic biomass combustion. Compliance moni-
toring methods such as filter sampling of an automobile
over the FTP drive cycle, or a 2- to 4-hr steady-state stack
test of a boiler, cannot measure the transients. Collecting
statistical data on a representative sample of in-service
sources is slow and very expensive using compliance meth-
ods. This section will discuss some of the research instru-
ments that may offer improved capability to make time-
and size-resolved measurements of PM, ; and ultrafine PM.

Desirable instrument characteristics for testing epi-
demiologic hypotheses include low cost per data point to
allow collection of sufficient data to perform statistical
analysis, rapid response to allow tracking of transients,
reliability and ruggedness to allow use under field condi-
tions, and reproducibility to allow comparisons between
investigators. Desirable characteristics for source appor-
tionment and toxicology studies are the ability to pro-
vide information on detailed morphology and chemical
composition that is relevant to the origin of the particle
and its behavior inside the body.

Chemical analysis techniques for source apportion-
ment rely on variation in the concentration of specific
compounds that provide individual “markers” or “finger-
prints” (i.e., characteristic patterns) for identification of
sources. The pioneering studies used elemental composi-
tion: Pb for gasoline engines, V for oil-burning power
plants, Se for coal-fired boilers, and Al for geological ma-
terials.?¢ This allowed identification of only a few catego-
ries, and changes in technology, such as the phase-out of
leaded gasoline, have eliminated some of the markers.
Compared with less than 50 elements that are potential
markers of combustion particles, organic compounds pro-
vide tens of thousands of potential markers, allowing de-
tailed identification of combustion sources.!3629%8434435 A
“memory” of the original fuel is preserved in the detailed
composition of the products of incomplete combustion.
A limitation of these organic markers is the time needed
to collect and analyze a sample by conventional solvent-
extraction and gas chromatography. An alternative tech-
nique, currently being tested in research programs, is
thermal desorption gas chromatography (TD-GC),**
which involves controlled heating of a lightly loaded par-
ticulate filter. This method has been shown to provide
composition data with 2-hr time resolution that are nearly
identical to collocated 24-hr samples that were analyzed
by conventional solvent-extraction, GC/MS methods. Pro-
totypes indicate that TD-GC has the potential to be fully
automated in a field-transportable unit.

Another option for rapid organic analysis is the pho-
toelectric aerosol sensor (PAS),*74¥8 which provides a real-
time indication of changes in the amount of
particle-bound PAH. This instrument is compact and has
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a sensitivity of about 1 ng PAH/m?3.#* The value of rapid
time-resolved PAH measurement is illustrated by a study
in which a PAS was installed near the runway of an Air
Force base. The spikes in the signal could be correlated
with flight logs showing the activity of specific aircraft,
as indicated in Figure 19.4° The PAS signal is a weighted
sum from many chemical species. Some research has been
completed to quantify the relationship between the PAS
instrument reading and conventional measurements of in-
dividual PAH by traditional methods for a range of sources.
The ability to make rapid semi-quantitative measurements
of PAH is extremely valuable for characterization of the
variation in the emissions from large populations of simi-
lar sources, and to study the effect of combustion tran-
sients on the time-averaged emissions. Ongoing research
includes developing methods to use the PAS to monitor
for high PM-emitting equipment in an operational fleet
through edge-of-roadway or edge-of-runway real-time
measurements.

Soot is a functional definition and actual combus-
tion particulate emissions are a complex mixture of or-
ganic compounds ranging from unburned fuel to
graphite-like polycyclic structures, making an arbitrary di-
vision into composition categories necessary. These divi-
sions are based on behavior in an analytical procedure.
The measured split between OC and EC is based on the
light-adsorbing properties of a filter punch as a function
of temperature, first under a helium atmosphere and then
under an oxygen/helium atmosphere.*! Changes in the
procedure, for example, the NIOSH and IMPROVE meth-
ods, give different results.**?> The fuel- and lubricant-de-
rived hydrocarbons are alternatively distinguished from
the graphite-like carbon structures in soot by measuring
the soluble organic fraction using dichloromethane or a
similar solvent.*# Further separation of the soluble organic
compounds usually involves extraction with aqueous and
organic solvents, acidic and basic solvents, and polar and
non-polar solvents until various classes such as paraffins,
aromatics, and oxygenates are isolated for analysis by gas
chromatography.275276444,445

EC, or soot, is an important class of particulate air
pollution, and the ability to economically make near-
real-time measurements of EC is valuable for character-
izing transient emissions from combustion sources. The
photoacoustic analyzer detects light-absorbing particles
(black carbon) by the transient heating resulting from a
pulsating laser beam passing through the sample cham-
ber.44¢447 A preliminary study of IC engine exhaust
showed that the photoacoustic instrument response and
the EC analyzed on filter samples by thermal/optical re-
flectance**! correlated as shown in Figure 20.4#® This tech-
nique provides a rapid signal, making time-resolved
measurements of events, such as sudden acceleration of
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Figure 19. Time-trend data obtained by a PAS sampling at an Air Force base. The spikes in PAH concentration can be correlated with aircraft

operations and with local ground traffic. Courtesy of G. Palmer.#4©

the engine, feasible. The instrument also has a wide dy-
namic range, making it suitable both for studies of tran-
sient emissions from combustion sources and for
monitoring spikes in ambient concentration. The lower
limit of detection for EC is 40 ng/m3.**” When develop-
ing alternative methods for measuring the health and
visibility impacts of soot and of particle-bound organ-
ics, there is a need to compare these methods to existing
EC and OC data. However, EC, as currently reported, is a
method-dependent definition, so the relationship be-
tween methods is only an empirical correlation, not a
fundamental relationship.

Electron microscopy, coupled with energy dispersive
X-ray analysis, can provide size, shape, and elemental
composition information on individual particles. Auto-
mated electron microscopy, also called CCSEM, allows
the characterization of several hundred particles per hour
and provides a powerful technique for characterizing
both source and receptor samples for source apportion-
ment studies. #4450

Concern over acid rain has motivated studies that
have looked for coal particles in lake sediments as a tracer
for rain-out from power-plant plumes. The methods used
to identify coal fly ash in sediments can also be extended
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to plume tracking for health studies. An early example of
using CCSEM in a health-related combustion particle
study involved collecting particles from the plume of a
coal-fired power plant using a helicopter. Kim et al.*!
showed that the plume particles could be distinguished
from background PM by the characteristic morphology
and composition of coal fly ash. Characteristics of com-
bustion ash include large carbonaceous spheroidal par-
ticles*? and glassy aluminosilicate spheres.**4* Advanced
techniques for single particle analysis by microscopy
have been reviewed.**¢ A limitation to the study of
submicron particles is that the spatial resolution of
many techniques, such as energy-dispersive X-ray analy-
sis, is comparable to the size of the particles.

The aerosol time-of-flight mass spectrometer
(ATOFMS) is the most sensitive technique currently avail-
able for on-line measurement of the size and chemical
composition, both organic and inorganic, of individual
aerosol particles. The size and chemical composition of
hundreds of particles per minute can be obtained. Funda-
mentals of the ATOFMS technique and recent advances
in aerosol mass spectrometry are discussed in a review,*’
which lists the contributions of 17 research groups. Fig-
ure 21 illustrates the capabilities of an ATOFMS research
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by the photoacoustic analyzer (PA) and EC measured by thermal-optical
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instrument similar to a design that is now commercially
available. Studies have compared the composition of
source PM and of ambient PM by cascade impactor time-
averaged samples and by time trend data from the
ATOFMS.*8 Real-time characterization of aerosol time-of-
flight mass spectroscopy has also been used in studies of
diesel exhaust to study PAH composition under various
operating conditions.**

Figure 21 illustrates four single particle mass spectra
sampled using an on-line single particle mass spectrom-
eter developed at the University of California, River-
side.*5740 These four single particles are representative of
(a) diesel- and (b) gasoline-powered vehicular OC-contain-
ing particulate emissions, (c¢) coal combustion, and (d)
ambient dust. Figures 21a—c show single particles collected
during controlled source characterization studies utiliz-
ing a dilution sampler.?’¢2’® These illustrate how single
particle source characterization studies allow for the iden-
tification and differentiation of PM sources. Figures 21a-1
and 21a-2 are the cation and anion spectra, respectively,
of an OC-containing particulate emitted from a 1994 Ford
E350 diesel truck. The cation spectrum contains many
low mass organic fragments, as well as nitrogen-contain-
ing species. Peaks of interest from the cation spectrum
include m/z 12 (C*), m/z 18 (NH,*), m/z 27 (C,H,*), m/z
43 (C,H*, C,H,0*, CHNO*) m/z 86, and m/z 101. The
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Figure 21. Mass spectra from four different single aerosol particles. a-1 through d-1 are single particle cation spectra and a-2 through d-2 are their
associated anion spectra. a-1 and a-2 are from a single particle emitted from a diesel-powered 1994 Ford E350 truck. b-1 and b-2 represent a single
particle emitted from a gasoline-powered 1993 Honda Civic. c-1 and c-2 represent a single particle emitted from the combustion of lllinois coal.
d-1 and d-2 represent an ambient Riverside, CA, dust particle collected on Oct. 7, 1999. Each of these single particles is representative of its specific

source or type. Courtesy of K. Prather and D. Suess.
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anion spectrum contains fewer signals, and these are domi-
nated by sulfur- and nitrogen-containing species includ-
ing m/z —62 (NO;"), m/z -97 (HSO,"), m/z -125 (HN,O,")
and m/z -188 (H,N,O,").

Figures 21b-1 and 21b-2 are representative OC-con-
taining single particles emitted from a gasoline-powered
1993 Honda Civic. The cation spectrum, Figure 21b-1,
contains very similar low-mass organic fragments to those
observed from the diesel-powered vehicle, 21a-1. There-
fore, differentiating OC-containing single particles from
gasoline- and diesel-powered vehicles solely by their posi-
tive spectra is not possible. However, with additional in-
formation from the anion spectra, these OC-containing
single particles can be differentiated. Figure 21b-2 does
not contain signals at m/z-125 or m/z-188. As shown in
Figure 21a-2, signals at these m/z values are associated
with diesel-powered OC vehicular emissions.

Figures 21c-1 and 21c-2 are representative Illinois coal
combustion. The cation spectrum contains signals at m/z
23 (Na*), m/z 27 (Al*), m/z 39 (K*) and m/z 56 (Fe*). In
contrast to Figures 21a and b, the complexity of this inor-
ganic particle type lies in the anion spectrum. Chemical
species present in Figure 21c¢-2 include m/z -16 (O,),
m/z-32 (S, O,), m/z-43 (BO,"), m/z-60 (S5iO,"), m/z-76
(8i0;), m/z -97 (HSO,"), m/z -119 (AlSiO,"), m/z -136
(8i,0,), m/z -179 (AlSi,0O,), and m/z -196 (5i,0,"). Fig-
ures 21d-1 and 21d-2 represent an ambient dust particle
sampled in Riverside, CA, on October 7, 1999. The cation
ambient dust spectrum is indistinguishable from the coal
combustion single particle cation spectrum in Figure 21c-
1, but the anion spectra allow for differentiation between
these single particle types. Signals in Figure 21d-2 differ-
ing from Figure 21¢-2 include m/z -12 (C°), m/z-24 (C,),
m/z-35 (Cl), m/z-36 (C,"), and m/z-46 (NO,"). Interest-
ingly, the sulfur-containing species are absent from the
ambient dust single particle, as well as from higher mass
silicate clusters.

As more single particle source characterization stud-
ies are performed, the goal of performing source appor-
tionment of ambient aerosols on a single particle basis
becomes more feasible. Data such as these illustrate that
it should be possible to distinguish vehicle emission par-
ticles from different engine types from other combustion
processes such as coal. In addition, the differentiation of
coal from ambient dust should be possible using the
unique combination of ion markers shown here.

The ATOFMS measurements of single particle compo-
sition can provide data on the variation in both source
and ambient particles that is lost in filter samples. This
allows detailed characterization of both combustion sources
and ambient particles on a level of detail that will be suit-
able for testing of specific toxicological hypotheses; how-
ever, this technique has limitations. Large particles are
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preferentially detected by the ATOFMS, which requires
correcting the raw data for the counting efficiency.*! The
current limit of detection is ~0.2 pm. Work is on-going to
extend the capability of this technology to characterize
ultrafines and nanoparticles.

Both source-based modeling and ambient studies with
real-time instruments have demonstrated that the compo-
sition of the ambient aerosol has short-term variation as the
wind brings in particles from various mixtures of sources.
Presently, the relative importance of time-averaged expo-
sure versus short-term exposure to spikes in the ambient
aerosol composition is unknown. Some laboratory studies
have shown strong responses from short exposures to high
particle concentrations.**? Figure 22 shows the time-re-
solved PM,j and PM, ; measured at an active military base
located near an urban area.** These transients are suspected
to result from nearby sources. The ATOFMS, PAS, and
photoacoustic analyzer and similar near-real time instru-
ments provide the analytical tools needed to begin testing
hypotheses related to transient exposure. Advances in both
data reduction capability and in instrumentation capabil-
ity, especially with regard to the submicron and
nanoparticle components, are still needed.

CONCLUDING COMMENTS

Providing the scientific basis for improved regulation of
the emission of combustion particles requires an inter-
disciplinary approach with interactions between research-
ers in combustion, air pollution control, atmospheric
transport and transformation, exposure assessment, and
health effects, together with the regulatory community.
The review has touched briefly on relevant information
in these areas, providing references for the reader inter-
ested in more detailed coverage. Gaps exist in the scien-
tific understanding of all elements of the problem, but
the greatest gaps are at the interfaces between the fields.
In addition to the need to fill these gaps, there is a need
for a better balance between applying the knowledge that
has been gained to answer pressing questions and refin-
ing the theory to gain better solutions. Significant progress
has been made in understanding the processes governing
combustion particle formation:

e  Particles emitted from combustors are either gen-
erated by condensation or, in the case of soot,
molecular weight growth reactions that lead to
the formation from the gas phase of submicron
aggregates of primary particles. Significant
progress has been made in understanding the
factors controlling the amount, size, and com-
position of these submicron particles. Their mass
is determined primarily in the early stages of
combustion for soot, inorganic ash, and con-
densable hydrocarbons. H,SO, is controlled by
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the oxidation of SO,, primarily catalytically, on
tube surfaces, fly ash, and, for certain vehicles,
catalytic converters. The number and size distri-
bution of the aggregates is controlled by colli-
sion and coagulation processes that are relatively
well understood.

Supramicron combustion-generated particles are
produced by the agglomeration of the mineral
content in fuels and by the coking of heavy hy-
drocarbons in fuel oils or coals. The size of these
particles is, to an order of magnitude, equal to
that of the parent fuel particles for pulverized or
atomized fuels. The larger particles will be emit-
ted only in the case of combustion systems not
equipped with particulate control equipment.
Large particles of carbonaceous material are also
important for uncontrolled combustors such as
fireplaces and open burning.

Trace, sometimes toxic, elements are emitted in small
enough amounts not to contribute significantly
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Figure 22. Time trend measurements of PM, (——)and PM, ( ------ ) by a beta attenuation meter show short-term spikes in fine particles,

presumably from nearby combustion sources. Courtesy of G. Palmer.44°

to the mass of the emitted particles. They are dis-
tributed between the sub- and supramicron par-
ticles emitted by combustors by condensation
and surface reaction, sometimes modified by dif-
fusion through pores. The processes governing
the distribution of the trace elements are rela-
tively well known; the size dependence of the
concentration depends on the controlling mecha-
nism and can provide a means for determining
that mechanism.

The particle formation mechanisms have been used
mainly in interpreting laboratory data. Although imperfect,
they are at a stage where they can be incorporated in com-
putational fluid dynamics simulations of furnaces and
boilers to make predictive calculations of the particle size
distribution and composition. In order to predict emis-
sions, one needs to combine the information on the size
and composition distribution of the particles emerging
from combustors with information on the collection effi-
ciency of the APCDs. The penetration of the APCD by
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particles will vary with the design and operation of the
APCD. No control devices are installed on many small
combustors or combustors operated with clean fuels, so
that the emissions are closely approximated by the com-
bustion emissions.

The limited studies of the PM at the inlet and out-
let of APCD devices on full-scale combustion systems
show that particle penetration is greatest in the 0.1-
1.0 pm range, that is, in the transition of dominance of
inertial forces to particle diffusion. There is a need to
integrate models of the APCD with those of particle
formation. At present, the greatest investment in the
measurement of particle emissions has been carried out
for compliance purposes and provides data on the total
(not size-dependent) penetration efficiency of different
elements. Without a mechanistic model, it is not pos-
sible to determine how these emission parameters
change with changes in fuel, combustion conditions,
or the operation and maintenance of the APCD. Fur-
ther, little effort has been directed at extending the
knowledge gained from studies of particle formation
in engineered combustion chambers to some of the
more mundane sources, such as domestic combustion
and open burning. These types of sources are of increas-
ing environmental importance as the emissions from
boilers, furnaces, and IC engines become better con-
trolled through improved technology.

Empirical emission factors become quickly dated as
regulations are tightened, and as technological changes
impact fuel composition and combustor design. The
trends in emissions for major combustion sources show
decreasing total mass emissions from coal-fired and oil-
fired boilers and from on-road diesel engines. Modifica-
tions of older stationary sources and the retirement of
older vehicles have more than offset the increases due to
growing population and economic activity. More atten-
tion needs to be focused on biomass sources if these are
used to significantly supplant fossil fuel combustors. A
major question, however, arises as to whether decrease in
mass emission per se achieves the desired impacts of safe-
guarding human health, since in many cases, the decrease
in mass is accompanied by an increase in numbers of
smaller particles.

Examination of the size and composition of combus-
tion-generated particles shows that, compared with geo-
logically generated ambient PM, they are smaller and have
unique chemical composition and morphology that re-
flect the fuel composition, the combustion conditions,
and the particle transformations between the furnace and
the stack. The data generated for compliance purposes
provide a starting point, but are not adequate to answer
many of the health-related hypotheses being proposed.
More characterization studies will be needed for particle
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sources, including measurements of transient emissions,
detailed chemical speciation, and ultrafine particle num-
ber. The complex aerosol mixture produced by combus-
tion is further transformed in the atmosphere before
human exposure by mechanisms that, though subject to
uncertainty, are sufficiently well understood to provide
reasonable models of ambient particles from well-charac-
terized emissions.

Epidemiology has demonstrated that susceptible in-
dividuals are being harmed by ambient particulate air
pollution at levels comparable to the current air quality
standards. Based on these findings, new regulations have
been proposed for PM, ,, but these have been contested.
The proposed regulations based on mass loading are to be
subject to review as current research leads to better un-
derstanding of the mechanism for the health impact of
particles and of which specific size fractions and chemi-
cals are responsible for these effects. Controlled studies
with surrogate particles are being conducted to help un-
ravel the various hypotheses proposed for the biological
effects associated with the exposure to ambient particles.
The problem is confounded by the probability that dif-
ferent particle characteristics are associated with differ-
ent health end points in different susceptible populations.
Particle surface area, number of ultrafine particles, and
bioavailable transition metals are likely to be found to be
more important than particle mass when correlating
health effects with air pollution.

The understanding of the effects of particle air pollu-
tion on health has benefited from great advances in bio-
chemistry and molecular biology on one side and from
improved particle measurement capabilities on the other.
Mechanistic toxicology studies are currently looking at
the activation of specific genes and the synthesis of spe-
cific proteins in response to exposure to particles. Ad-
vances in the ability to collect time- and size-resolved
research data on the composition of the ambient air will
provide valuable input data for health studies and help
identify the particle characteristics that are actually re-
sponsible for biological responses.

As the particles of importance to human health are
identified, time- and size-resolved data will be needed for
source apportionment studies both during the develop-
ment of plans to improve air quality, and for the develop-
ment of particle-control engineering technology for
stationary and mobile sources. The health effects and ap-
portionment studies can be assisted by the knowledge
derived from the more fundamental studies on how fuel
and combustion conditions affect size and composition
of particulate emissions.

The observed association of increased ambient PM
with adverse health effects and the lack of a toxicological
mechanism provide the dilemma of balancing the added

Volume 50 September 2000



Table 10. Nomenclature.

APCD Air pollution control device

ATOFMS Aerosol time-of-flight mass spectrometer

Dp Aerodynamic or physical diameter of a particle

EC/0C Elemental carbon and organic carbon, respectively, as
measured by thermal/optical reflectance or a similar
method

ESP Electrostatic precipitator

EPA United States Environmental Protection Agency

fv Volume fraction of a species (metal oxide or soot) per
volume of gas

GC (Gas chromatograph

NAAQS National Ambient Air Quality Standards

PAH Polycyclic aromatic hydrocarbons

PM Airborne particulate matter

SMPS Scanning mobility particle sizer

cost to society of implementing imperfect regulations
against the health costs of delaying action. The role of
epidemiology during the 1854 cholera outbreak in Lon-
don is instructive.*%* Dr. John Snow showed a correlation
between cholera deaths and water from the Broad Street
pump. Discovery of the germ theory of disease by Louis
Pasteur was still 11 years in the future, and isolation of
the cholera bacteria was 32 years in the future.*** How-
ever, closing the well, based solely on associations and in
the absence of a biological mechanism, stopped the epi-
demic and saved lives. Implementing a stricter fine par-
ticle standard can be seen as an analogous to “removing
the pump handle.” However, closing the offending well
had a small cost, since other sources of water were nearby.
Major reductions in the emissions of primary particles,
especially ultrafines, from stationary and mobile combus-
tion sources will require both advances in engineering
practice and major investments of capital.

The cost of the implementation of the regulations
can, however, be reduced by contributions provided by
advances in the fields of aerosol and combustion science,
combined with advances in biochemistry and toxicology.
A causal relationship between ambient particles from dif-
ferent sources and specific health end points is needed to
provide a sound scientific basis for regulations. These sci-
entific contributions will eventually allow better
prioritization of air pollution control resources. The
tradeoffs between social costs and health risks are value
judgments that need to be resolved through the political
process, but that process can be assisted by the clarifica-
tion of the scientific issues.
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ABSTRACT

This study investigated the emission characteristics of particulate matter (PM) and several heavy metals
from different Korean coal-fired utility boilers. Emission measurements examined PM and gas emission
concentrations. particle size distributions (PSDs). the partitioning of heavy metals, and the concentration
of ultrafine particles. The facilities examined included two bituminous coal-fired power plants (pulverized
coal combustors) and one anthracite coal-fired power plant (circulating fluidized bed combustor). Mca-
surements were made at locations before the systems’ air pollution control devices (APCDs). The PSDs
prior to PM control were bimodal from all facilities. The mass ratios of the fine particle modes to larger
particle modes were dependent on the ash content of the fuel and the boiler type. Additionally, the over-
all PM concentration before the APCDs correlates well with the ash content of the coals. Thermodynamic
equilibrium predictions indicate that the metal speciation (and volatility) depends not only on the halogen
content of the fuel, but also on the localized stoichiometric ratio of combustion.

Key words: heavy metals; particulate matter; coal-fired boiler; particle size distribution; metal partition-
ing; particle formation mechanisms

INTRODUCTION studies indicating PM-2.5 to be hazardous to the human

respiratory system (Bachmann et al., 1996; U.S. EPA,

Ix 1997, e U.S. EPA added a standard for ambient  1996a; Wilson and Spengler, 1996; Wolff, 1996; Federal
concentrations of PM-2.5 (PM smaller than 2.5 um in  Register, 1997). Coal combustion represents one source
aerodynamic diameter). This change was based on health  of the particles, and information regarding these emis-

*Corresponding author: Department of Environmental Engineering, YIEST, Yonsei University, 234 Mae-ji. Hung-up, Wonju,
Kangwaon, 220-710. South Korea. Phone: 82-33-760-2438; Fax: 82-33-763-5224: E-muil: seoyc@dragon.yonsei.ac.kr

“Jong-1k Yoo is currently a Postgraduate Fellow through the Oak Ridge Science Education Program at the U.S. EPA National
Risk Management Research Laboratory, Research Triangle Park. NC.

272



PARTICLE-SIZE DISTRIBUTIONS FROM COAL-FIRED POWER PLANTS

sions, including particle size distributions (PSDs), metal
partitioning between different particle sizes. and the rel-
ative contribution of ultrafine particles, are likely impor-
tant parameters that effect emission control strategy and
the toxicity of the resulting PM emissions.

PM can be formed via the transformation of ash form-
ing material in the fuel and wastes to form large parti-
cles, and through vaporization mechanism to form
(ultra-) fine particles through nucleation, coagulation, and
condensation processes. The vaporized inorganic matter,
including heavy metals, within the high-temperature
combustion region undergoes homogencous condensa-
tion to generate particle nuclei. The generated nuclei co-
agulate with each other by driving forces such as Brown-
ian motion and/or turbulent shear and differential
sedimentation. Also. the vaporized inorganic matter may
condense on the surfaces of preexisting particles driven
by saturation partial pressures. These mechanisms result
in distinct submicron mode in the PSD. Linak (2002)
showed a trimodal PSD in the coal combustion process
with particle size of the finest mode under 0.1 pm.

There have been many research studies investigating
the emission characteristics of hazardous air pollutants
from fuel combustion, especially bituminous coal com-
bustion. Linak and Wendt (1994) reviewed and investi-
gated the metal transformation mechanisms during bitu-
minous coal combustion. They suggest that metals may
become enriched on particles of different size based on
different particle formation mechanisms. Helble (2000)
predicts metal enrichment to be depended on metal
volatility on particles.

To understand the factors affecting ash vaporization,
particle formation, and metal partitioning, thermody-
nanic equilibrium calculations, using the principal of
minimizing the total Gibbs free energy of the system were
performed. These calculations can be useful to identify
the likely dominant species of each element (including
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heavy metals) in a multicomponent and multiphase sys-
tem such as combustion. It can also be useful 1o exam-
ine behavior within locally reducing regions around in-
dividual coal particles.

In this study, the emission characteristics of three com-
mercial coal-fired boilers were investigated with respect
to the PSDs and heavy metal partitioning. This experi-
mental behavior is interpreted through the use of a ther-
modynamic equilibrium calculation code to predict rela-
tive elemental volatilities and stable species and particle
formation mechanisms.

FACILITIES AND
EXPERIMENTAL METHODS

Fuacilities tested

Three different types of commercial coal fired power
plants were investigated. Two of these units used bitu-
minous coals and the third fired an anthracite coal. The
two bituminous pulverized coal-fired power plants are of
similar design. Their features are summarized in Table
1. These facilities, Bitl and Bit2, choose their fuels based
on ash contents and heat capacities. The third facility,
Ant, was a smaller circulating fluidized bed boiler burn-
ing anthracite coal. The properties of the three fuels are
summarized in Table 2.

Experimental methods

Sampling of particulate mauter. The sampling method
for total particulate matter (TPM) used in the experiment
was an isokinetic sampling method similar to the U.S.
EPA Method 5 (U.S. EPA Method, 2000). However, our
approach used a thimble type filter, while Method 5 uses
circular paper-type filter. An atmospheric pressure cas-
cade impactor (Anderson Instrument Co. Ltd., Atlanta,

Table 1. Summary of tested facilities.
Capacity Air pollution

D (ton steam/l) Fuel Fumnace type control devices

Ant 691 Anthracite coal Circulating fluidized bed, Electrostatic precipitator
in bed DeSOx system

Bitl 1,720 Bituminous coal Pulverized coal, Electrostatic precipitator,
Tangential corner firing, DeSOx
low NOx burner, (spray tower)
once-through type boiler

Bit2 1.720 Bituminous coal Pulverized coal, Electrostatic precipitator,

DeSOx
(spray tower)

Tangential corner firing,
low NOx burner,
once-through type boiler

ENVIRON ENG SCI, VOL. 22, NO. 2, 2005
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Table 2. Properties of fuels for three coal fired power plants.

YOO ET AL

Anthracite coal

Bituminous coal 1 Bituminous coal 2

Low heating value, kg/kcal 4,673
Proximate Moisture 45
Analysis Fixed carbon 54.5
wt. % Volatile 89
Ash 322
C 64.4
H 1.2
Elemental 0 1.7
Analysis, wt. % N 0.5
S 0.4
Cl 0.07
As 3.0
Cd <0.2
Cr 4.6
Heavy metals, Cu 272
mg/kg Ni 12.3
Pb 20.1
Zn 273
Mn 88.0
Mg 980

6,279 6,262
37 9.3
57.5 56.0
29.4 27.2
9.3 7.0
75.5 75.3
4.4 38
13.5 9.3
1.1 1.4
0.3 0.5
0.01 0.01
1.9 <0.3
<0.2 <0.2
7.5 47
<22.6 <22.6
18.5 18.1
<16.8 <16.8
334 36.1
88.1 29.1
525 209

GA, Mark Il Stack Sampler) was used for PM-10. PM-
2.5 determinations, and PSD analysis (U.S. EPA Method,
1997). The size distributions were calculated using Win-
CIDRS software (WinCIDRS. Ver. 4.0 Operations and
Data Analysis System for Internal Particle Sizing De-
vice). and were based on mass weights determined on
each stage of impactor. The sampling points of each fa-
cility were the inlet of the electrostatic precipitator (ESP).
The locations were after the heat exchangers with aver-
age sampling temperatures of 123, 125. and 145 °C for
Bit 1, Bit2 and Ant, respectively.

Analysis of heavy mertals and inorganic components in
particulate matter. The U.S. EPA test method for evalu-
ating solid waste, SW-846 3050B (U.S. EPA Method,
1986). was used for digesting the filters and collected PM

Table 3. Concentration of particuiate matters at APCD inlet
and their ratios.

Ant Bit] Bir2
TPM, mg/Sm? 25,750 12,580 20,798
PM-10, mg/Sm’? 13,043 2481 1,208
PM-2.5, mg/Sm? 7,790 274 250
PM-10/TPM 0.51 0.20 0.06
PM-2.5/TPM 0.30 0.02 0.01
PM-2.5/TPM 0.60 0.11 0.21

for the total filters as well as the PM and substrates of
each impactor stage. These extracts were examined for
heavy metal and inorganic matter analysis by ICP/MS
(Varian Co. Ltd., Palo Alto, CA, Ultra mass 700).

RESULTS AND DISCUSSIONS

Emission characteristics of PM

The PM concentrations at the inlet of each facility’s
APCDs are shown in Table 3. The emission concentra-
tions of the PM were strongly related to the ash content
in fuel. As showed in Fig. 1, the uncontrolled emission

|
P
o

- -
g8 88

Uncontrolled emission
factor, kg/ton coal

15

30 3§

Ash content in coal, % |

Figure 1. Relationships between uncontrolled emission fac-
tors and different ash content in coal.
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factor, which normalized the amount of pollutant emit-
ted from the furnace by the amount of fuel combusted,
increased with the ash content in coal (U.S. EPA, 1995).
+ A detailed discussion on the development of emission
factors for these units was described in a previous paper
(Yoo et al.. 2002). Additionally, as showed in Table 3,
the ratio of the fine particles with respect to the coarse
particles from the anthracite coal fired boiler are higher
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than the same ration for the bituminous coal fired boil-
1d ers. The PSDs of PM-10 from each facility showed bi-
modal distributions as presented in Fig. 2. The PSD of

Figure 2. Panticle size distribution of PM-10 at the inlet of

APCD.

the anthracite facility showed a higher portion of submi-
cron particles than the bituminous coal fired boilers and
showed a distinct mode near 0.1 wm. Therefore, it is as-
sumed that a portion of the inorganic matter, which are
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Figure 3. Equilibrium predictions for metal species from anthracite coal-fired boiler using the CEA code.
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Figure 4. Relationships between particle size and metal concentration for anthracite coal-fired boiler (D, = pum, metal con-

centration = ug of metal/g of ash).

main components of ash, were vaporized and formed fine
particles by the generation mechanism discussed previ-
ously.

Emission characteristics of heavy metals

In a previous paper (Yoo er al., 2002), the emission
characteristics of heavy metals were described in detail
using a generalized form (i.e., emission factors) to pre-
dict emission per unit of heat energy. The emission fac-
tor calculation, which was based on the metal content in
fuel, has been used in AP-42 U.S. EPA (1995). Using
these calculated emission factors, some heavy metals in-
cluding arsenic, manganese, nickel, and magnesium
showed good correlation with their initial concentrations,

Estimation of metal species in the flue gas

In the combustion environment, a portion of the inor-
ganic matter (include heavy metals) were vaporized. The
extent of this vaporization is influenced by the tempera-
ture, composition, and environment that the ash compo-
nents experience. Following vaporization, the ash species
nucleate, condense, and coagulate following principles of
aerosol mechanics. Thus, the chemistry and speciation of
heavy metals within the combustion environment is very
important to understand of particle genecration mecha-

nisms, especially for the fine particles. Additionally,
while the overall stoichiometry is always designed to be
fuel lean, the microenvironments surrounding and inside
a burning coal particle is reducing. Thus, it is important
1o examine reducing as well as oxidative conditions and
its affect on metal vaporization.

The computer simulation code, Chemical Equilibrium
Analysis (CEA; Mc Bride er al., 1993), was used to pre-
dict the chemical species in the combustion environment
with thermochemical data which had been used in Linak
et al. (1999). The fuels’ proximate analyses and heavy
metal contents, presented in Table 2, were used in the
CEA calculations. Scenarios examining stoichiometric
ratios of 0.6 and 1.2 were included to simulate reduction
and oxidation conditions, respectively. Reducing condi-
tions are intended to examine stages of early char com-
bustion when the coal particle surface is experiencing an
oxidative environment but oxygen has not yet penetrated
into its interior. Metals experience this environment may
vaporize under reducing conditions (Yan et al., 1999).

Figure 3 presents the results of equilibrium calcula-
tions for the anthracite coal-fired boiler. Results for the
other bituminous coal-fired boilers showed similar trends
but are not presented. The CEA calculations predict ele-
ment speciation and including the fraction of condensed
phase species for the heavy metals of interest as a func-
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Figure 5.

tion of temperature. In general, reducing environments
enhance the volatility (approximately 200-300 K) com-
pared to oxidation conditions for cadmium, magnesium,
and manganese. In contrast, reducing conditions caused
very little change in volatility for chromium and nickel,
although their predicted speciation is very different be-
tween oxidative and reducing environments. These re-
sults are consistent with predictions made by Frandsen et
al. (1994).

Metal partitioning

There have been various investigations, which studied
metal enrichment in fly ash samples with the intent of in-

Table 4. Characteristics value for experimental equations of
heavy metals in coal fired boilers.

Anthracite coal Bituminous coal

fired boiler Jired boiler
Species Slope (m) Species Slope (m)
Cd 0.82
Cd 0.62 Pb 040
Ni 0.24 Ni 0.32
Mg 0.83 Mg 1.50
Mn 0.46

Relationships between particle size and metal concentration for bituminous coal-fired boilers.

vestigating mechanisms controlling particle growth. In
this study, the concentration of each metal from each im-
pactor stage was analyzed. The following equation was
applied to find a correlation between heavy metal con-
centration and particle size.

Log(Wy = mLog(1/D;) + b

where W; is the concentration of species i in the particle
size range, pg/g: D, is the representative diameter, um;
and m, b is the experimentally derived slope and inter-
cept.

By plotting Log(W;) vs. Log(1/D,,), a relationship be-
tween metal concentration and particles size can be made.
The relative slope (17) can be related mathematically to
the relative importance of film condensation (1/D,> de-
pendence. m = 2) and reactive scavenging (1/D, depen-
dence, m = 1) (Linak and Wendt, 1994).

Figures 4 and Fig. 5 show relationships between par-
ticle size and metal concentration for the anthracite and
bituminous coal-fired boilers. respectively. The slopes of
cadmium and magnesium are close (o unity, while the
other metals were generally less enriched in the small
particle sizes. Table 4 summarizes these slopes for sev-
eral selected metals, determined by a least mean square
method. The results of this study suggest that the mech-
anism of enrichment for cadmium and magnesium may
be pore diffusion controlled diffusion and reactive scav-

ENVIRON ENG SCI, VOL. 22, NO. 2. 2005



278

enging on existed particles, respectively (Linak and
Wendt, 1993; Linak er al., 1994). This is the case for
magnesium, even though the temperature of condensed
phase, shown in Fig. 3, was higher than other metals. This
may be because of the higher content of magnesium in
these coals; the magnesium vaporizes very quickly in the
very first stages of combustion.

For the other metals examined, the story is much less
clear, and the dominant mechanism of condensation is
likely not related to a single mechanism, but to a com-
plex set of mechanisms which occur simultaneously. The
thermodynamic prediction indicates that manganese,
nickel, and chromium interact with other ash constituent
such as silicon, iron, and aluminum (Yan er al., 2001).

CONCLUSIONS

Measurements at three different commercial scale coal
fired boilers investigated the characteristics of inorganic
PM. Analysis of the PSDs, gaseous inorganic matter, and
heavy metals were performed and a computer simulation
code was used to predict stable inorganic species within
the combustion environment. Several conclusions were
derived from the experiment as follows.

1. The emission characteristics of PM depended on the
ash content in the fuel. The finer mode in the PSD
was clearly related to the ash content of the fuel and
relationships of uncontrolled PM emission factor with
ash content in the fuel showed more linearity with re-
spect to the fine particles. It is assumed that the ash
components in the fuel contributed to the fine parti-
cle formation through a mechanism of vaporization,
nucleation, condensation, and coagulation.

2. The heavy metals were generally enriched in the finer
particles. This was confirmed by computational ther-
modynamic code. However, magnesium compounds
were enriched in the fine particles, even though the
calculations indicated that it was not particularly
volatile. The halogen content in the fuel was also an
important factor for metal partitioning. as it promotes
metal vaporization especially under reducing condi-
tions.
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Abstract

The USGS trace element data for Pittsburgh seam coal samples from Pennsylvania
were examined to determine correlations of ash and sulfur contents with trace
element content. The data indicated moderate to strong correlations occur for
the various trace element concentrations of the coals, and the contents of ash
and sulfur. CONSOL commercial coal data for the Pittsburgh seam were used to
compare the estimated concentrations with coal data at different ash levels.
When the USGS data base is analyzed according to the statistical procedures
applied here, the predicted values using the developed correlations were
considerably closer to the values from the CONSOL data base (from Pennsylvania
Pittsburgh seam coals) for most trace elements compared to the EPA estimates
(based on state-wide averages). The predicted concentrations for most trace
elements were within 60% of the measured product coal concentrations. The state-
wide average developed by EPA differed from actual product concentrations by 200%

to 400%.¢" Subsequent use of the USGS data base without careful analysis and



treatment of the data‘will produce misleading estimates for trace element

emissions from coal-burning utilities.

Statement of Implications

Using the USGS trace element data base to estimate trace element emissions for
foa]-fired electric power plants requires attention to the inherent statistical
problems. Careful attention must be given to constru;ting estimates of trace
element concentrations that take into account the spatial arrangement of the
samples.

Spatially resolved estimates differed by as much as 70% from naive equally
weighted averages. Relationships between the trace elements and ash, and sulfur
were developed and used to assess the likely reductions in concentration due to
coal cleaning. These relationships produce reasonably good estimates of the
actual reduction for two CONSOL steam coals in the Pittsburgh seam. Finally, a
sampling scheme is suggested for producing national trace element emissions

estimates.

Estimation Concerns

The quality of estimates of well-defined regional (global) parameters from
point sample data depends on how the sample data were collected. Here quality
is measured‘in terms of accuracy (lack of bias) and prec%Sion. Ideally, samples
are collected with the estimation of a specific parameter in mind. For example,
one could estimate the mercury content of all coal existing in a specific seam
regardiess of whether it will actually be mined. Samples should ideally be
arranged on a uniform systematic grid throughout an area with well-defined
borders. Alternatively, one could estimate only coal that will be mined in a

given time period. Detailed information on mining activity would be required for
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this case. Here an estimate should be based on samples only in or near the areas
to be mined. (If the grid extends over the entire seam, samples in areas to-be-
mined would receive higher weights than samples which are nearby but not directly
in an area to-be-mined.)

The USGS coal quality samples were not collected with the thought of
estimating any particular parameter. Neither‘were the samples locatéd on a
uniform systematic grid throughout a given seam. The samples cannot even be
considered to be uniformly randomly located throughout a given seam. Instead,
the samples are irregularly located in clusters. A simple, unweighted average
of such samples either represents an estimate of nothing in particular, or a
likely highly biased estimate of’any particular parameter.

The bottom T1ine is that careful attention must be given to the production of
parameter estimates based on the USGS coal quality data base. This paper
discusses a few considerations and illustrates several approaches. While the
estimates produced are not definitive, they do illustrate the 1ikely improvements

that are possible with a 1ittle thought and perseverance.

Background

The USGS coal trace element data base is the single largest compilation of
trace element data which provides extensive information for virtually all coal
seams in the country. This data base has been used by several researchers to
_estimate the quantity of potential trace element emissions from coal-fired power
plants.  However, there are several inherent problems when one considers
application of the data base to estimate commercial steam coal product trace
element concentrations and subsequent power plant emissions.

First, the USGS data base represents trace element concentrations of various
channel and core samples collected without a comprehensive sampling strategy
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appropriate for estimating reserves. In ordinary sampling, a probabilistic
scheme is used to tie the sampling to a target population. In spatial sampling,
ideally an exhaustive systematic grid of samples is used to ensure unbiased
estimates of the deposit characteristics.

The data base also represents the coal deposft prior to any physical cleaning
(ash removal). Since 75% - 80% of the coal east of the Mississippi River is
cleaned, the USGS coal data do not represent commercial coal products used by
power plants. Also, most of the mines from which these samples were collected
are closed. In addition, the precision or accuracy of the analytical methods
employed in determining the trace element concentrations of these samples is
unknown. Therefore, it is necessary to ahalyze the USGS data carefully and
develop factors that would relate the USGS trace element concentrations to
currently used commercial coal supplies.

In the present study, USGS trace element data for the Pittsburgh seam coals
in Pennsylvania were examined and compared with actual CONSOL steam coal

analyses. A good correlation was developed which is described in this report.

Description of the USGS Data Set

The data analyzed in this report consisted of analyses of 71 samples from the
USGS coal trace element data base for the Pittsburgh seam (No. 8 coal bed) in
Pennsylvania. These samples are almost all channel samples of varying
thicknesses and depths obtained at sites accessible to the USGS. The variables
considered for the analyses included Btu, ash, sulfur, arsenic, beryllium,
cadmium, chlorine, cobalt, bromine, chromium, fluorine, mercury, manganese,
molybdenum, nickel, lead, antimony, and selenium concentrations in the coal
samples.

Of the 71 original samples, there were 31 unique locations with multiple
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samples at varying depths in the seam at each location. The 31 unique locations
are shown in Figure 1. The spatial locations of the samples in no way represent
a random sample of locations throughout the seam, nor are the samples optimally
arranged on a uniform systematic grid. In fact, the samples tend to be clustered
with the largest cluster in the northwestern part of the geographical area
consisting of about 20 samples. At each location, all samples were weight
averaged for each parameter using the sample thickness as the weighting factor.
Trace element concentrations in parts per million for the 31 locations are shown
in Table I.

The symbols A-Z and 1-5 shown in Figure 1 identify the locations of the
various samples described in Table I. Note that the concentrations of ash and
sulfur are shown to two significant figures (in 1b/MM Btu) and that of the trace
elements to two significant figures (in ng/Btu). The last column in the table
represents total trace element concentrations in ng/Btu for the coals. The
minimum, maximum, average, and standard deviation for each of the elements and
the element totals are listed at the bottom of the table. A comparison of USGS
data with raw and clean coal data® for two CONSOL coals (Pennsylvania
Pittsburgh seam) is shown in Table II. The measured concentrations for the two
CONSOL coals (both raw and clean) are within the minimum and maximum of the USGS
data for the elements. However, the simple arithmetic average concentrations of
the USGS data differ substantially from the measured values of the CONSOL
Pittsburgh coals. The total elemental concentrations for the clean coals are
less than half of the USGS averages (as estimated by EPA) for the Pennsylvania
Pittsburgh seam coals. Therefore, it appears that the arithmetic averages of the
data from any one or several seams can provide substantially misleading estimates

for any particular coal within the population used to derive the average.
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Analysis of the Unweighted Data

Because the sample locations are highly clustered (Figure 1) and do not
represent either a random sample of locations or a systematic grid of locations,
summary statistics on the original unadjusted data are not very meaningful. For
examble, a simple average for coal ash will not tend to be a good estimate of
coal ash for the entire seam, because such an estimate will give too much weight
to the concentration of samples in the northwestern cluster. The bias in the
estimate will be a function of how different the cluster average is from the true
seam average. It is relatively simple to decluster the sample data when
calculating estimates of seam averages (shown in the next section).

Because of the sparsity of the data (and the fact that the samples only span
the northern part of the Pittsburgh seam within Pennsylvania), a simple weighting
scheme is not available to help with calculating adjusted correlations and
regression functions. Scatterplots illustrating the relationships between ash
or sulfur and the various trace elements (those correlating with r > 0.50) using
all 31 locations are shown in Figure 2. A linear fit was used to correlate
various trace elements (Cl, Br, F not included) with ash and sulfur. The
corresponding correlation coefficients are shown in Table III with correlations
at or above r = 0.5 shown in bold type. It should be noted that several trace
elements do not correlate even this well with either the ash or the sulfur (e.g.,

antimony and selenium).

Spatial Weighting to Estimate Unbiased Seam Averages

A simple way to decluster samples is to interpolate a closely spaced uniform
grid over the area of interest using the polygonal method, triangulation method,
or kriging method, and then average the grid.® (These methods of interpolation
down weight clustered samples when estimating each grid point.) Averaging the
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grid declusters the global estimate without explicitly calculating weights for
each sample that goes into the global estimate (however, weights are calculated
for each sample used to estimate each grid point). This effectively down-weights
clusters whose individual samples will receive weights which are too high if a
simple (equal weights) average is calculated. Ideally, samples should be
uniformly distributed over the entire area of interest. When instead,'samples
are clustered, the more closely-spaced samples tend to be redundant. Giving all
samples equal weights then overrepresents the clusters. Similar problems with
weighting occur when extrapolation is used to estimate parameters for the seam
which lies outside the boundaries of the sample set.

Figure 3 shows shaded maps for each interpolated grid for each trace element
shown in Figure 2. Because the area of the interpolated grid roughly
approximates the area covered by the Pittsburgh seam in Pennsylvania, the grid
averages represent one reasonable way to make concentration estimates for the
Pittsburgh seam in Pennsylvania using the USGS data. Ordinary kriging was used.
No attempt was made to do a comprehensive geostatistical analysis of the spatial
variability as would be required to produce the best possible estimates.
Instead, the same arbitrary variogram was specified and used to produce estimates
for all parameters in order to illustrate the degree to which the global
estimates could differ from naive simple averages.

Table IV compares the kriged grid averages with the simple averages. Twenty-
one parameters are shown in Table IV. Using the kriged spatially weighted
average as a base, percentage differences for the trace elements ranged from -36%
(spatially weighted average exceeds equally weighted average) to +42% (equally

weighted average exceeds spatially weighted average). This shows that equally



weighted averages can differ substantially from more reasonable spatially

weighted averages.

Correlations to Predict Trace Element Concentrations

As mentioned earlier, of 71 original samples there were 31 unique locations
with multiple samples at various depths at each location. At each location all
samples were weight-averaged for each parameter using sample thickness as the
weighing factor. The elements that showed moderate to strong (r > 0.55)
correlation with ash are beryllium, cadmium, cobalt, chromium, nickel, lead, and
selenium. A1l these elements, except selenium, naturally occur in the inorganic
fractions of the coal. The correlations are found in accordance with Finkelman’s
observations regarding the modes and occurrences of the elements.®®’ Therefore,
the data was regressed and correlations were developed. Each correlation was
checked for goodness of fit, and the residuals were analyzed. The concentrations
(Y) of the trace metals (in ng/Btu) as a function of ash content (A) in 1b/MM Btu
are listed below. The estimated values are then compared with two CONSOL

commercial steam coals from the same seam.

Element Correlation Coal A Coal B EPA |
Estimated | Actual | Estimated | Actual | Estimated |
Beryllium Y =3259 + 275 A 46 20 50 2 87
- =029 B
Cadmium Y = 1.961 + .00164 A® 2 2 2 2 4
2 = 0.81
Cobalt Y = -26.7 + 23.06 A 84 64 115 81 280
? =078
Chromium Y = 67.48 + 68.41 A 390 300 490 380 713
2 =0.89
Nickel Y = 77.98 + 5037 A 320 220 390 220 724
P = 0.59
Lead Y = 367 + 27.722 A 96 97 130 130 206
2 =074
Selenium Y=11.185 + 6.31 A 41 36 50 42 178
2 =024
——




The elements that showed moderate correlations with sulfur are arsenic and
mercury. The data indicated that arsenic and mercury correlated better with

total sulfur and pyritic sulfur of the coal, respectively.

Element Correlation Coal A Coal B EPA
Estimated | Actual | Estimated | Actual | Estimated
Arsenic Y = 1105 + 85.08 S° 230 200 780 240 1139
2 =076
Mercury InY =185+ 077 In Sp 4 3 6 4 10
P = 0.49

Trace elements antimony and manganese did not correlate well with either ash
or sulfur. The following multiple correlations were made for the two elements

as a function of ash, pyritic and organic sulfur forms.

Antimonx Yo = -12.79 + 0.672 A - 0.1699 Sp + 54.728 §, (1)
(R° = 0.36)
Manganese In Y_ = 4.796 + 0.8419 1n A + 0.1676 1n S, +0.7868 1n S, (2)
(RZ = 0.52)
The total trace element content correlated with both ash and sulfur.
Trace element totals 1n Y, .., = 5.9247 + 0.1247 In A + 0.0953 1n S (3)
(R’ = 0.74)
Coal A Coal B EPA
Element | Estimated | Actual | Estimated | Actual | Estimated
Antimony 19 21 46 10 67
Manganese 240 350 560 570 834
Totals 1600 1300 2300 1700 4395

The correlations appear to provide better estimates of trace elements for
several product coals from the Pittsburgh seam with varying levels of ash and
sulfur than the EPA estimates. This appears to agree with one conclusion of the

U.S. EPA study‘” in that the trace element correlations with sulfur and ash were



stronger when analyzed one seam at a time (or one county at a time) compared to
state-wide averages. Therefore, the estimates for most elements using the above
correlations are much é]oser to the measured concentrations compared to EPA’s
state-wide average estimates for the Pittsburgh seam coals in Pennsylvania. In
addition, since the ash and sulfur cdntent of most commercial steam coals (partly
or fully cleaned coals) fall within the range of the data base, the corré]ations

can be used to predict the trace element removals during coal cleaning as well.

Estimating Total Emissions

Many factors besides the coal source are involved when estimating the total
emissions of trace elements from a power plant. Yet the above analysis shows how
easy it is to introduce a substantial bias just in estimating the average amount
of trace elements in coals from a particular state. Unlike random errors, bias
does not become negligible as the number of samples increases. In the same way,
a substantial bias in an estimate of the total national emissions could result
even if individual estimates are produced for every single power plant in the
country. Rather than devote excessive time and resources to producing estimates
for all plants, a statistically designed sampling plan is suggested. Although
the exact details of various plans may differ, a reasonable plan would devote
more resources to making sure that emissions are accurately estimated for all
power plants selected for the sample, rather than spending a small amount of time
on each of a large number of power plants.

The simplest possible sampling strategy would be to take a simple random
sample of size n from the population of all power plants, each with yearly
emission y;. For example, if there were a total of N = 1400 power plant units®®
(the population), a small percentage would be selected at random to form a
sample. The average sample emission
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V=% yun (4)

would be calculated where i goes from 1 to n. An estimate of the total emissions
Y for the entire population of power plants would be given by:
P =N/nY (5

An arbitrary number of power plants will be chosen for the sample (for
example, 5% or n = 70). The reliability of the sample estimate cannot be
determined until all the sample data is collected and analyzed because the
variability of the population is not known. In the simple case of random
sampling, if the unknown population variance of all N emissions is Szy, then the
variance for Y is (1 - n/N) N2 Sﬂ/n. An approximate 95% confidence interval is

given by:

Y £ 2/(1 - n/N) NS /yn) (6)

The first improvement to this plan might be to do the sampling in two stages,
so that the appropriate sample size could be determined for the desired
reliability. This strategy would require that a small first phase sample be
taken, just large enough to provide a reasonably good estimate of the population
variability. For examp]e, 50 to 100 power plants could be randomly selected,
data collected and analyzed. The reliability of the first phase sample could
then be determined (for example, by calculating a confidence interval for each
estimated parameter). If the reliability of any of the estimates was too low,
the population variability estimate could then be used to project how many
additional samples would be needed in the second phase sampling to achieve the

desired level of reliability.
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Additional improvehents can be made with the goal of achieving a higher
reliability with either the same number of samples or less. These sampling
strategies are more complex than for the simple random sampling described above,
and have different formulas for emission estimates and their corresponding
reliability estimates.‘” One approach would be to use stratification of the
population. |

The ideal (but impractical) variable to use to stratify the population would
be plant emissions. If the plant emissions were somehow known, plants could be
arranged into nearly homogeneous groups, and these groups would be randomly
sampled. For example, plants could be divided into two groups: plants with
small emissions and plants with large emissions. Similarly, more than two
groupings could be used. Since in each group, the power plants are similar in
emissions, the variability of emissions would be low, and this would lead to
higher reliability in the estimate of total emissions for the same number of
samples compared to pure random sampling. Of course, plant emissions are
actually unknown for the entire population of power plants. Stratification can
still be performed if another suitable variable related to emissions is
available.

Since it would be expected that plants with larger boilers would produce
larger total amounts of trace element emissions, boiler size could be used to
perform the stratification. For example, the following strata could be used:
less than 150 MW, 150 MW to 499 MW, 500 MW to 799 MW, and 800 MW or greater. The
result of boiler size and coal ash content may possibly also serve as a good
stratification variable. (Effect of coal cleaning may also be usefully
included.) The average emissions in each stratum would be calculated and used

to estimate total emissions in each stratum. The sum of the total emissions in
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each stratum would yield an estimate of total emissions. Similarly, the variance
of emissions within each stratum could be used to determine the reliability of
the total emissions estimate.

A small number of power plants would be considerably larger in terms of boiler
size (or the product of boiler size and coal ash contént). This small subset
would contribute a large portion of total emissions and might tend to‘be more
variable than other groups (since variability often increases with size).
Therefore, in this group all power plants would be sampled. This is called a
certainty sample. By doing this, a further increase in the reliability of the
total emissions estimate may be achieved.

Other improvements can be entertained. For example, if estimates for every
state are desired, in addition to national estimates, the sampling plan could be
adjusted to allow for sampling within states so that separate state totals could
be reliably estimated. In this case, stratification by boiler size might only
be usefully applied to states with large numbers of plants. For states with a
very small number of plants, all plants may need to be included in the state
sample in order to achieve reliable estimates for these states. Providing
reliable separate state emission estimates and national estimates will require
a larger number of samples than if just national estimates were determined.
Dividing the total population of power plants according to their state location
while desirable on nonstatistical grounds, is unlikely to be very efficient in
the sense of reducing sampling variances within the various states unless power
plant sizes within states tend to be similar. To the extent that power plant
sizes tend to be the same within each state, and differ between states, the total

sampling variance would be reduced.
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Sampling

The main emphasis has been on producing national (and possibly state)
estimates. Similar principles apply to stratification by any system of
classification. However, as discussed previously not all stratification schemes
will benefit national estimates to the same degree. Also, the more strata, the
larger the total number of samples required to produce individual stratum
estimates. If power plants are classified by boiler type and assuming there are
twenty boiler types, at Teast 40 samples would be required to make estimates for
each boiler stratum (two samples per stratum). The 20 stratum estimates can be
appropriately cdmbined to produce an overall national estimate that may be quite
precise. However, the stratum estimates are not 1ikely to be very precise. It
could easily take 20 samples per stratum to produce reasonably precise stratum
estimates.

It should also be noted that careful attention must be paid to how the samples
are collected within each stratum. If the strata are not probabilistically
sampled, neither the stratum estimates nor any statistical projections based on

stratum estimates are likely to be accurate.

Emissions Estimates for a Typical 500 MW Unit

If the trace element concentrations per unit of heat content in coal are
known, trace metal emissions from a unit can be computed in several ways. The
information required to compute the emissions includes total annual consumption
of coal and emission factors for respective elements. However, emission factors
tend to be site-specific and are influenced by boiler design and operating
conditions and the type of particulate control device employed. The boiler
design and operating conditions influence the split between the bottom ash and
fly ash, and the degree of enrichment. Therefore, it is desirable to determine
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the ash flow rate and trace element concentrations in the fly ash at the inlet
of the control device to estimate the total mass flow of trace elements into the
particulate control device. Since the retention efficiency of the solid phase
trace elements is approximately the same as the overall collection efficiency for
typical baghouse/ESP systems, the emission rates can be computed by multiplying
the fractional penetration of the control device (1 - retention efficiéncy) by
the total trace element mass input.‘® However, total mass flow of trace
elements at the control device inlet is not a readily known factor for many
units. In addition, significant mass fractions of some trace elements, such as
selenium and mercury, exist in vapor form in the flue gas and are not retained
as effectively by baghouse/ESP systems.

Trace element emissions (airborne) for a hypothetical 512 MW pulverized
bituminous coal-fired unit (equipped with an ESP) were estimated using predicted
trace element concentrations for Coal B, and are shown below. A coal feed rate
of 180 t/h, a net capacity factor of 65%, an ESP inlet flue gas temperature of
300°F, and an ESP ash loading of 10.8 t/h were used for the computations.

TRACE ELEMENT (AIRBORNE) EMISSIONS FOR A 512 MW UNIT
Concentration in Coal
Trace Element ng/Btu Emissions, t/y
As 235 0.07
Be 22 0.01
Cd 2 0.00
Cr 377 0.09
Co 81 0.02
Mn 571 0.14
Ni 216 0.05
Pb 132 0.03
Sb 46 0.01
Se 42 0.81
Hg 4 0.08
Total 1.31
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The computations also assume that only 1% of the total trace element mass (for
the solid phase elements, i.e, all the elements except Se and Hg) is emitted
through the stack. This assumption is quite reasonable considering that the
solid phase elements are retained both in the bottom ash (which accounts for 30%
of the total ash in moét boilers) and ESP hopper ash (collection efficiency of
99% is quite common to most ESPs). It should be noted that the partftioning
behavior of selenium is not well understood. If all of the selenium were in
elemental form, the trace metal is expected to be in vapor form at typical stack
conditions, and the concentrations normally seen in combustion flue gas. Thus,
assuming 80% in vapor phase and the rest in solid phase, selenium emissions
account for 61% of the total emissions. However, selenium is known to react
readily with several other ash constituents forming solid phase compounds that
are readily removed in baghouse/ESP systems.® Since most of the mercury is
reported to be in vapor phase, an emission rate of 0.08 t/y (assuming all of the
Hg in vapor form) represents a worst case scenario.?® Combined solid phase
elements and mercury emissions (nonhalogen trace element emissions) do not exceed

0.5 t/y.
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Table I. USGS Trace Element Data for Pittsburgh Seam Coals (Concentrations in ng/Btu)

(Weight averaged concentrations of 71 samples from 31 locations in Pennsylvania)

COAL ID No.of S Btu/lb Ash,Ib/MMBtu {Sulfur,Ib/MMBtu Arsenic | Beryllium 1 Cobait | Ch i Mercury Nickel [Lead |Antimony m_[Total (ng/BTU)
A 2 11013 23.2 1.37 250 99 23 450 1,600 10 1,000 98 1,300 710 36 41 5700
B 1 13010 5.07 0.61 100 64 1.4 78 450 0.20 240 63 480 170 12 27 1700
c 2 13633 8.30 1.18 340 49 4.5 290 680 4.8 1,100 43 770 180 21 110 3600
D 1 13498 8.68 0.66 67 41 0.70 120 750 1.2 230 29 480 290 13 60 2100
E 1 13170 9.19 0.91 230 60 2.8 230 720 2.1 350 66 770 260 20 64 2800
F 4 11663 17.6 3.81 790 67 9.6 500 1,200 20 960 62 860 320 42 210 5100
[] 2 14110 3.86 0.68 62 48 1.1 81 360 4.6 60 48 460 89 23 37 1300
H 3 12922 6.23 0.91 170 42 1.8 n 480 5.9 210 19 230 210 10 32 1600
1 1 13600 8,16 1.04 200 64 1.6 190 800 0.70 400 64 820 160 20 41 2300
J 3 13006 9.68 2.13 490 76 1.6 160 680 6.6 450 100 640 190 16 60 2800
K 1 12264 12.9 1.23 660 80 2.7 280 930 0.70 630 75 800 240 24 58 3600
L 1 13488 4.67 0.74 180 64 1.2 71 350 2.3 110 62 260 110 10 17 1200
M 1 13604 6.82 1.09 140 18 2.1 94 310 7.7 740 8 120 82 a.7 63 1600
N 3 12823 8.11 1.127 780 46 3.8 160 760 8.1 480 42 440 200 44 80 3000
o 3 12627 9.04 1.81 760 61 3.4 200 790 18 810 99 6560 210 29 74 3400
P 1 13232 5.82 1.74 470 96 1.4 120 430 2.7 170 17 5§70 41 17 19 2000
[+ 5 12026 11.9 3.00 3300 96 7.3 230 810 1.7 1,300 200 700 490 48 95 7300
R 3 12866 7.98 1.36 620 56 2.7 140 780 9.7 290 30 380 170 53 62 2600
[ 2 11868 12.9 0.86 180 82 4.6 290 1,100 2.4 1,600 21 610 320 29 58 4200
T 1 13614 6.22 2.07 100 19 2.2 44 270 2.2 470 16 170 71 77 47 1300
[1] 1 11847 12.4 0.61 42 85 2.0 210 960 1.2 430 60 960 200 16 270 3200
'V 3 13167 6.27 1.17 250 63 1.6 110 450 7.8 260 48 350 120 10 24 1700
w 2 12678 8.24 1.76 1000 43 4.8 190 660 11 640 83 460 200 27 68 3300
X 2 12618 8.64 2.30 1000 68 8.4 230 840 13 620 22 480 210 N 69 3300
Y 3 12430 9.20 2.66 2300 63 6.1 180 890 10 420 110 640 230 47 89 4800
Y 4 [} 12034 11.8 3.33 730 67 10 170 820 7.8 570 140 480 270 21 120 3400
1 3 12783 7.98 3.10 2300 31 3.6 160 660 6.3 1,100 38 240 130 M4 66 4800
2 3 127113 7.76 2.36 3000 36 2.9 110 490 5.9 380 33 230 170 37 88 4500
3 3 13086 6.23 2.42 610 40 2.0 868 330 14 710 91 270 120 13 N 2300
4 4 13091 6.83 1.12 380 80 1.8 130 430 4.9 830 97 890 180 21 41 2700
B8 1 13202 5.38 1.74 850 a1 2.3 96 380 19 540 24 230 93 14 41 2100
Minimum 11013 3.86 0.51 42 18 0.70 44 270 0.20 80 8 120 41 8.7 17 1200
Maximum 14110 23.2 381 3300 99 23 500 1,600 20 1,800 200 1,300 710 77 270 7300
Average 12820 8.77 1.67 710 67 3.9 180 670 7.0 560 81 6520 210 20 87 3100
STD 76 3.00 0.8¢ 830 20 4.2 100 200 5.2 360 42 200 130 16 52 1400




TABLE Il.

USGS TRACE ELEMENT DATA FOR PITTSBURGH SEAM COALS

(71 SAMPLES FROM 31 MINES)

USGS DATA

CURRENT STUDY @

Minimum Maximum
ASH 3.86 23.2
Lb/MMBtu
SULFUR 0.506 3.81
Lb/MMBtu

TRACE ELEMENT CONCENTRATIONS (ng/BTU)

ARSENIC 42 3300
BERYLLIUM 18 99
CADMIUM 0.75 23
CHLORINE 0.00 32000
COBALT 44 500
CHROMIUM 270 1600
MERCURY 0.17 20
MANGANESE 60 1600
NICKEL 120 1300
LEAD 41 710
ANTIMONY 6.7 77
SELENIUM 17 270
TOTAL METALS 620 9500

CONSOL DATA

COAL A COALB
Raw Clean] Raw Clean
23.0 478 12.7 6.15
2.03 1.1 2.31 1.99
770 200 740 240
49 20 37 22
4.9 1.6 36 2.0
280 64 160 81
1100 300 700 380
5.7 2.9 5.4 3.6
2500 350 1500 570
750 220 490 220
400 97 230 130
35 21 16 9.8
76 35 46 42
6000 1300 4000 1700

@ Using trace element correlations with ash and/or sulfur
* For all seams in Pennsylvania




Organic Sulfur

Ash Total Sulfur Pyritic Sulfur
Btu | (Ib/MM Btu) (Ib/MM Btu) (Ib/MM Btu) (Ib/MM Btu)
Arsenic -0.29 0.11 0.63 0.68 0.23
Beryllium -0.55 0.54 -0.08 0.04 -0.24
Cadmium -0.74 0.84 0.34 0.29 0.26
Cobait 0.72 0.88 0.24 0.08 -0.04
Chromium 0.85 0.94 0.15 0.07 0.01
{| Mercury -0.30 0.22 0.56 0.54 0.09
ﬂManganese 053 0.55 0.38 0.44 0.40
Molybdenum -0.42 0.35 0.38 0.57 0.09
Nickel -0.58 0.77 0.10 0.13 0.20
Lead -0.76 0.86 0.13 0.13 0.15
Antimony -0.28 0.28 0.40 0.23 0.58
Selenium -0.49 0.48 0.26 0.05 -0.05
Total 0.75 0.74 0.46 0.47 0.18




AVERAGES

(ng/Btu, except
where noted)
Spatially | Equally
Parameters Weighted | Welghted | % Difference
Heating Value, Btu 12,585 12,820 2
Arsanic 497 706 42
Beryllium 59.9 56.8 5
Cadmium 6.15 3.92 36
n Cobalt 230 175 -24
Chromium 812 667 -18
Mercury 7.42 6.97 -6 “
Manganese 495 563 14
Molybdenum 61.3 60.8 -1
Nickel 657 519 -21
Lead 278 206 -26
II Antimony 31.0 26.4 -15
Selenium 69.8 66.5 5
Total Trace Elements 2,619 2,824 8
Ash (Ib/MM Btu) 11.06 8.77 21
Sulfur (Ib/MM Btu) 1.58 1.67 6
Pyrite Sulfur (Ilo/MM Btu) 0.57 0.90 58
Organic Sulfur (Ib/MM Btu) 0.54 0.60 12




-Iz-

Figure 1. Sample locations in the Pittsburgh seam in Southwestern
Pennsylvania (county boundaries shown).
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Figure 2. Trace element concentrations as a function of ash or sulfur.
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Potentially Carcinogenic Species
Emitted to the Atmosphere by
Fossil-Fueled Power Plants

by D. F. S. Natusch*

The identities and physicochemical characteristics of potentially carcinogenic species emitted to the
atmosphere by fossil-fueled power plants are presented and discussed, It is pointed out that many
so-called carcinogens are preferentially concentrated on the surface of respirable fly ash particles thus
enabling them to come into intimate contact with lung tissues when inhaled. Relatively little information is
available about the identities of particulate polycyclic organic compounds whose emission from coal fired
power plants may well be substantially greater than hitherto supposed. The importance of chemical
changes, which several species may undergo following emission (but prior to inhalation) in determining

their potential carcinogenic impact, is stressed.

Introduction

Production of electric power from the combus-
tion and conversion of fossil fuels represents a
ubiquitous and increasing means of obtaining
energy in most countries throughout the world. It is
now well established that such power plants emit
substantial quantities of many carcinogenic and po-
tentially carcinogenic chemical species to the at-
mosphere. Consequently, it is of considerable im-
portance to establish whether these materials are
active in promoting the occurrence of lung cancer in
populations resident in the vicinity of fossil-fueled
power plants.

In order to make any assessment of risk it is
necessary to have knowledge of the nature. con-
centrations, and physicochemical characteristics of
potentially carcinogenic material emitted from the
various types of fossil fueled power plants. This
paper, therefore. presents a brief survey of the in-
formation currently available. Special emphasis is
placed on what is known about the physical and
chemical characteristics and behavior of each
species since these properties may have a profound
influence on the inhalation toxicology of individual
species (/, 2).

*Department of Chemistry, Colorado State University, Fort
Collins, Colorado 80523.

Fehruary 1978

Fossil-fueled power plants are considered to be
those utilizing gases. liquids, or solids as primary
fuels derived, respectively. from natural gas, oil. or
coal. Some difficulty is encountered in specifying
individual pollutant species since definitive data on
carcinogenicity are sparse. For the purpose of this
paper. therefore, compounds are classified as
known carcinogens, suspected carcinogens. and
reactants. Compounds classified as reactants are
those which are considered likely to be involved in
chemical reactions which may result in the produc-
tion or removal of carcinogenic species or which
may interact synergistically with known car-
cinogens. In Table 1 are given examples of concen-
trations of known and suspected carcinogens in
urban and rural atmospheres.

Gaseous Emissions

Gaseous emissions from fossil-fueled power
plants generally contribute more material to the at-
mosphere than do particulate emissions (except in
the now rare case of uncontrolled coal combustion).
The major emissions, in terms of mass. involve car-
bon monoxide (CO). hydrocarbons (HC), nitrogen
oxides (NO,), sulfur oxides (SO;). and oxygenated
species often classified as formaldehyde (HCOH).
Representative contributions are indicated in Table
2 (13). In addition. minor emissions of mercury
occur, and it has been suggested that bromine (Br.).
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Table 1. Concentrations of known and suspected carcinogens in urban and rural atmospheres,

80

Urban air® Rural air
Substance® Status Range Average® (range)® References
[norganic cases, ug/m?
SO, Reactant 20-1200 70 0.1-5 2.4
NO, Reactant 50400 100 2-6 2,4)
O, Reactant 20400 100 20-100 2.9
Hg Suspected  0.001-0.20 0.007 —
Inorganic particulates, ng/m?®
As Recognized 2-130 10 <0.55 (3. 6)
Asbestos Recognized 10-100 20 —_ (%)
Be Recognized < 0.2-8 5 — (5, 6)
Cd Recognized 4-250 10 — (5.6,8)
Co Suspected  0.5-15 2 <0.5-2 s. 9
Cr Recognized 3-120 15 < 1-10 5.8
Cu Suspected 104000 60 1-280 4.8
F¢ Suspected < 50-2000 300 < 50-150 5
Fe Suspected  1000-2000 1400 10-1000 5,8
Ni Recognized 10-1000 100 < 10 5.6, 8
Pb* Suspected  500-3000 1500 10-100 5,6.8
Se/ Suspected < 1-10 ] — (&)
SO, Suspected  1000-100,000 5000 — 2,5
U Recognized 0.01-2 0.2 —_ 9
\' Suspected  50-2000 500 < 1-50 (5.6, 8)
1-100 10
Total particulates Reactant (60-220) x 10® 140 x 102 (5-60) x 10® 4.5
Radionuclides, Ci/m®
219Pb Recognized (1-30) x 10~ 20 % 107 (55-10) x 10~ (%)
212pp Recognized (0.1-4) x 10-'8 2 x 10°18 (0.03-0.06) x 10** (9)
26Ra Recognized (50-100) x 10-* — — 9
222Rn Recognized (20-1000) x 10~ 200 x 10-'2  (0.1-20) x 102 (9
Th Recognized 10-50) x 10~'¢ 30 x 1071 — 9
3Th Recognized (20-70) x 10~ 50 x 10=* — ({2}
22Th Recognized (10-50) x 10~ 30 x 107 — 9
my + Y Recognized (100-300) x 10-'* 200 x 10~ — 9
Gaseous and particulate organic species
Alkanes, ng/m* 3.9H
n-Butane Reactant 5-80 10 —_
n-Pentane Reactant 1-40 15 —
2-Methylbutane Reactant 5-60 25 —
Alkenes. ng/m® [C3)
2-Butene Reactant 1-§ 6 —
1,3-Butadicne Reactant 1-5 2 —_
Propene Reactant 1-20 6 —
Aldehydes and ketones, ng/m?® 3.7
Formaldehyde Suspected  5-100 20 0.5-5
Acrolein Suspected < 1-20 5 —
Nitrosamines,’ ng/m® (0
Dimethylnitrosamine Recognized 20-100 — —
Peroxides, ng/m? 3.4
Peroxyacylnitrates Suspected 2-30 — —
Aromatic hydrocarbons, ng/m? 3.7
Benzene Recognized 5-90 20 —_
Toluene Reactant 10-100 40 —_
1,2-Dimethylbenzene Suspected  5-100 40 —
1.3-Dimethylbenzene Suspected  5-100 40 —
1.4-Dimethylbenzene Suspected  5-100 40 —
Polyaromatic hydrocarbons,* ng/m® 2,.11,12)
Anthracene Reactant 0.5-700 1 —
Benzo{a]pyrene Recognized 1-50 10 —
Benzo[e]pyrene Suspected  0.1-50 5 —_
1,2-Benzanthracene Recognized 1-70 20 —
1.12-Benzperylene Recactant 0.1-20 3 —
Coronene Reactant 0.2-50 1 —
Chrysene Suspected  0.5-200 5 —_
Pyrene Reactant 0.2-50 10 —_
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Table 1 (cont’d.)

Polycyclic nitrogen compounds, ng/m® 2. 12)
Acridine Suspected  0.1-0.5 — —
Fluorene carbonitrile Suspected  0.02-0.1 — —

Lead tetraalkyls, ng/m? (6)
Tetraethyllead Suspected  50-2000 75 —

Benzene-soluble organics, ng/m® Recognized 1000-20.000 7000 200-3000 2.4,7)

aThe substances listed include both known and suspected carcinogens for which reasonably reliable atmospheric con-
centration data are available. Also listed are several compounds which are considered to be capable of promoting car-
cinogenic activity in noncarcinogenic compounds or modifying that of carcinogens as a result of chemical reaction.

5\ ost values represent 24-hr averages established over periods ranging from several days to one or more years.

cApproximate averages values have been estimated for urban air noting that individual areas may exhibit atmospheric
concentrations which differ considerably from the average. Due to paucity of data it is considered inappropriate to estimate

similar averages for rural atmospheres.

4F]luorine is present in the atmosphere as both fluorine gas und particulate fluorides. The values listed refer to the sum of

both forms.

“Values listed for lead refer to concentrations measured in countries utilizing lead alkyl gasoline additives. Significantly
lower values are encountered in countries which do not use leaded gasoline.

Selenium is present in the atmosphere in both gaseous and particulate form. The values listed refer to the sum of both
forms. Also, selenium has not been implicated as a causative agent of bronchial carcinoma but only of liver and kidney

cancers.

¢The two sets of values listed for vanadium refer, respectively, to urban areas where considerable use is made of fuel oil
for power generation and domestic heating. and to urban areas where oil burning is minimal.

AA very large number of organic compounds have been implicated as causative agents for bronchial carcinoma. Only a
few of these are listed here, however. since reliable atmospheric concentration data are unavailable. In general. com-
pounds are listed by class with specific examples being given where data are available.

These hydrocarbons are not in themselves considered to be carcinogenic. They may, however. promote formation of
photochemical smog which contains several carcinogenic components.

7The data for nitrosamines are very tenuous: they are, however. included because of the considerable current interest in

these compounds.

*Several noncarcinogenic polycyclic compounds are listed. since some of these are known to react photochemically to
produce oxvgenated denvatives (such as quinones. phthalates. and endoperoxides) which are suspected carcinogens. It
will be noted that some very wide concentration ranges are listed for the polyaromatic hydrocarbons. The upper ends of
these ranges correspond to villues measured in European cities where extensive coal burning is practiced.

Table 2. Average air pollution emissions from power plants
according to fuel type.?

Emissions. 1b/1000 1b fucl

Fuel Particles CO HC NO, SO, HCOH
Coal 85(1-EP 025 0.1 10 198 0.002
oil 1.7 -E) 007 05 17 198 0.1

Natural gas 27(1-E) neg. neg. 70 198 0.2

2Data of Goldstein and Waddams (13).
E is the mass collection efficiency of the control equipment.
<As the percent sulfur content of the fuel by weight.

hydrochloric acid (HC), selenium dioxide (Se0.).
arsenic trioxide (As,;Oq). and organometallics such
as nickel carbonyl (Ni[CO],) may be emitted as
vapors (6, /4).

Sulfur Oxides

Sulfur oxides are not. in themselves. thought to
be carcinogenic. They are. however. quite reactive
and are known to react with, for example. polycy-
clic aromatic species (2) and to promote lung damage
when associated with airborne particles. In the ab-
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sence of controls the amounts of sulfur oxides emit-
ted from a fossil-fueled power plant are directly re-
lated to the sulfur content of the fuel burned (Table
2). In this case, typical SO, emissions lie in the
range 500-3000 ppm with 1000-2000 ppm being
most commonly encountered (15). Nowadays.
however, most major instaliations utilize control
equipment which typically achieves 85-90 percent
removal of SO,. Generally. about 1-2% of the emit-
ted sulfur oxides are in the form of SO;. which
reacts rapidly with water vapor to produce sulfuric
acid mist. A small amount of the SO, is also
chemisorbed by fly ash particles to form metallic
sulfates (primarily calcium sulfate and alkali iron
trisulfates) (/6).

The rate and extent of sulfur dioxide conversion
to sulfuric acid mist and solid particulate sulfate in a
power plant plume are unknown; however, current
thinking is that these processes occur fairly exten-
sively. so that a significant proportion of the gase-
ous sulfur oxides produced actually occur in urban
atmospheres as sulfuric acid mists or as particulate
sulfate (4). This is an important consideration, since
it means that the health hazard presented by gase-
ous sulfur oxides may be partly manifest through
inhalation of sulfuric acid and sulfate particles.

81

Cr A rarie

.

S, @




Nitrogen Oxides

As in the case of sulfur oxides. the oxides of ni-
trogen are not carcinogenic but may produce car-
cinogenic materials as a resuit of chemical reactions
such as those involved in photochemical smog for-
mation. By contrast with sulfur oxides, which are
derived from sulfur present in the fuel. nitrogen ox-
ides are derived primarily from fixation (oxidation)
of atmospheric nitrogen present in the combustion
feed air. Consequently, nitrogen oxides cannot be
effectively controlled by selection or pretreatment
of the fuel.

Representative emission factors for nitric oxide
(NO) and nitrogen dioxide (NO.) combined are
given in Table 2, although it should be recognized
that NO, emissions are not directly related to the
amount of fuel consumed. Rather, they depend on
the feed rate of air supporting combustion. the
temperature, and the fuel-air mixing characteristics.
Actual concentrations of NO_ are normally in the
range 300-1300 ppm in stack emissions. Signifi-
cantly higher concentrations are produced during
natural gas combustion than during combustion of
coal or oil (Table 2).

The amount of NO, formed during combustion is
generally much less than that of NO: however,
conversion of NO to NO, occurs fairly rapidly in a
power plant plume following emission. From the
standpoint of human health, therefore. it is reason-
able to presume that the primary direct exposure
will be to NO,.

Organic Gases

The amounts of organic material emitted as gases
or vapors from fossil-fueled power plants are quite
small (2.5%) when compared with those from
other anthropogenic sources. For example, trans-
portation accounts for some 53% of the gaseous or-
ganics emitted in the United States. Consequently,
rather little work has been done to determine the
identities and amounts of individual organic gases
emitted from power plants. Primary emissions con-
sist of hydrocarbons, aldehydes, and organic acids

Tabie 3. Typical emission of several classes of compounds from
stationary combustion sources.”

Emission, Ib/ton of fuel

Compounds Coal Oil Gas
Hydrocarbons 0.3 1.0 1.0
Aldehvdes Unknown 0.5 0.5
Formaldehyde 0.0003 0.006 0.008
Organic acids 10 5 2

“Data from National Academy of Sciences (3).
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for which representative emission factors are given
in Table 3. Of these materials only certain al-
dehydes (e.g. formaldehyde and acrolein) are sus-
pected carcinogens. Hydrocarbons and organic
acids are., however, quite reactive (hydrocarbons in
photochemical smog production) and are thus
worthy of consideration in the present context (3).

Other Gaseous Emissions

With the exception of elemental mercury vapor.
very little is known about gaseous emissions other
than those already discussed. Mercury is. however,
a suspected carcinogen.

Mercury levels in coal and fuel oil average about
| ng/g and 0.1 ug/g. respectively. When the coal is
burned, about 90-95% of the mercury present is
emitted to the atmosphere as elemental vapor. The
remainder is associated with fly ash. There is no
apparent tendency for mercury vapor to become
adsorbed or otherwise associated with fly ash or
atmospheric aerosols. Consequently. mercury is
transported long distances from a coal fired power
plant. This behavior is exactly opposite to that of
other, particulate associated. metals.

The actual concentrations of mercury vapor emit-
ted from a given power plant will depend on the
type and origin of the fuel burned: however, be-
cause of the almost quantitative release of mercury
to the atmosphere. stack concentrations can be
readily calculated where stack gas flow rates are
known. Typical stack exit concentrations are
around 1 pg/m? for a coal fired power plant. Plume
concentrations depend. of course. on atmospheric
conditions but concentrations around 80 ng/m?® have
been measured (/7) at ground level on the plume
center line 1.2 miles downwind of a coal fired power
plant. Representative concentrations in urban at-
mospheres lie in the range 2-100 ng/m*. most of
which is present as mercury vapor (/8).

Fossil fuel combustion also results in the release
to the atmosphere of several radioactive species in-
cluding the gas radon (***Rn). which, with its daugh-
ter products, is a known carcinogen. The few avail-
able measurements indicate that natural gas con-
tains 10-20 pCi/1 of ***Rn and that coal contains
0.1-0.4 pCi/g. While gquantitative release of radon to
the atmosphere will occur, present estimates sug-
gest that fossil fuel combustion does not contribute
significantly to the natural **?Rn background even
in the vicinity of power plants (9).

Particulate Emissions

Fossil-fueled power plants contribute approxi-
mately 25% of the anthropogenic particulate matter
emitted to the atmosphere in the United States. In
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many countries the proportion is ¢ven higher. As
indicated by the data in Table 2, particulate emis-
sions from coal-fired power plants are much greater
than those derived from oil or natural gas combus-
tion. Some idea of particle mass emission factors
can be obtained by noting that modern electrostatic
precipitation equipment usually operates with mass
removal efficiencies in excess of 98%.

Assessment of the carcinogenic hazard as-
sociated with airborne particulate material such as
fly ash is very much more difficult than is the case
for a gaseous pollutant. This is because particles
contain a large number of potentially carcinogenic
chemical species including both organic and inor-
ganic compounds. The relative amounts of these
species, and thus their net carcinogenicity, can vary
significantly with the type and origin of the fuel
burned and even with the operating characteristics
of individual power plants. Furthermore, the way in
which a given chemical species is distributed among
different particles and even within a single particle
can strongly influence its potential health impact.
Finally. it must be recognized that, although many
potentially carcinogenic compounds may be as-
sociated with solid fly ash particles these com-
pounds are unlikely to constitute a hazard to health
unless they can be mobilized into solution, e.g.,
body fluids.

The extent to which information is available
about each of the above factors is discussed in the
following sections. For convenience, different class-
es of chemical compounds are considered sepa-
rately even though all may be present together. In
this regard it is useful to note that a single particle
eftectively concentrates many chemical species in a
localized microregion so that its influence is likely
10 be exerted over a very localized area of lung
tissue when inhaled. This is in contrast to the more
generalized influence of inhaled gases.

Particle Morphology, Size Distribution, and
Matrix Composition

Particles emitted to the atmosphere from fossil
fueled power plants are more or less spherical. In
the case of coal combustion both solid and hollow
spheres occur and some of the latter have small
respirable spheres encapsulated inside them (15,
19). Particles derived from oil and natural gas com-
bustion have a highly porous structure rather like
that of a sponge (20).

The aerodynamic size of a particle is a major fac-
tor in determining the efficiency with which it can
be collected by control equipment, its atmospheric
transport chuaracteristics and lifetime, and its depo-
sition and clearance behavior when inhaled (7). In

February 1978

addition, the size of a particle determines the
specific surface area which can come into intimate
contact with body fluids and tissues. The size dis-
tributions of particles produced by different power
plants exhibit considerable variation; however, a
typical size distribution of fly ash emitted from a
coal fired power plant equipped with an electrostatic
precipitator is presented in Figure 1 (21). It is ap-
parent from this figure that much of the emitted fly
ash falls in the respirable size runge.
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FiGURE 1. Representative aerodynamic particle size distribution
of fly ash emitted from a coal fired power plant equipped with
an electrostatic precipitator (21).

Relatively few measurements have been made of
particle size distributions in power plant plumes. As
a rough indication, however, particulate material
collected at a distance of 5 miles downwind from a
coal-fired power plant plume under stable plume
conditions has an aerodynamic mass median diame-
ter in the range 0.08-0.25 um. Such samples usually
exhibit a bimodal distribution, with the two modes
being centered around 0.04 um and 0.3 um. The
smaller modal particles are thought to represent a
secondary aerosol consisting primarily of sulfate
particles. Comparable information is not, to our
knowledge, available for oil or natural gas-fired
power plants, although similar general behavior
would be expected.

The major matrix elements present in coul fly ash
are Al, Si, and Fe, with minor amounts of Ca. Mg.
K. Na.Ti, and S. Some typical composition ranges.
expressed as weight percent as the oxides, are pre-
sented in Table 4 (22). The matrix elements in oil tly
ash are C, Ca, Fe. S, Si, Ti, and V (23), whose
relative proportions vary considerably in individual
particles. Coul fly ash consists primarily of a semi-
transparent aluminosilicate glass with small amounts
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of microcrystalline hematite (Fe,O,) magnetite
(Fe,0)). a-quartz (Si0,). mullite (3ALO; . 2S10.).
anhydrite (CaSO)). and lime (Ca0). In addition
some clemental carbon (soot) particles are present.
All these compounds have low solubility in water
which accounts for the low bulk solubility of fly
ash. The compounds present in fly ashes derived
from oil and natural gas combustion have not been
established although it is known that such particles
are highly carbonaceous in nature.

Table 4. Typical matrix element composition ranges of some U. S,
coal fly ashes expressed as weight percentages of the uxides.

Matnix element
composition,
wt-% of oxide

Major constituent

ALO; 14-30
Si0, 22-60
FC_\O: 3-21
K.O 0.2-3.5
Ca0 0.5-31.0
Minor constituents
Li.O 0.01-0.07
Na.O 0.2-2.3
MgO 0.7-12.7
Ti0. 0.6-2.6
P.O, 0.1-1.1
SO/ 0.1-2.2

2Data of Natusch (/5).
5Soluble sulfate.

Trace Elements

As a result of their geological origins coal and
petroleum oil contain essentially all known stable
elements in minor or trace amounts. Of these, the
elements As. Be, Cd. Co, Cr. Cu. Fe. Hg. Ni. Pb,
Se. and V are regarded as either known or sus-
pected carcinogens. It must be strongly em-
phasized. however, that the chemical and toxicolog-
ical properties of any element depend upon the na-
ture of the chemical compound in which that ele-
ment is present. Unfortunately very little is known
about the identities of metal compounds emitted in
particulate form from fossil fueled power plants.
Consequently it is accepted. though strictly incor-
rect, practice to refer to the metallic elements them-
selves.

The specific concentrations (ug/g) of individual
trace elements found in coal and oil fly ashes de-
pend primarily on the trace element content of the
original fuel. However. the relative concentrations
of elements differ significantly between fly ash and
fuel due to the different partitioning characteristics
of individual elements between bottom ash and fly
ash. Thus, in the case of coal fly ash, it is not

84

reasonable to assume that because a given fraction
of one element ends up in emitted fly ash that the
same fraction of other elements will do likewise.
This assumption is. however, reasonable in the case
of an oil fired power plant which produces very
little combustion residue.

Some representative specific (ug/g) and volume
(ng/m?) concentrations of trace elements emitted
from coal and oil fired power plants are presented in
Table 5. 1t should be noted that volume concentra-
tions will be highly dependent on individual plant
operating conditions. 1t should also be noted that
vanadium, V, is emitted in substantial amounts
from the combustion of fuel oil. This is because the
element is concentrated in the form of several vana-
dium porphyrins in the original fuel (24).

At this point it is appropriate to comment on the
partitioning of different elements in coal-fired (and
probably also oil-fired) power plants. The most im-
portant aspect in this regard is that several poten-
tially carcinogenic elements or their compounds are
apparently volatilized at the combustion tempera-
tures (1400-1600°C) encountered. These elements
then condense or absorb onto the surface of co-
entrained fly ash particles as both particles and
vapors leave the combustion region. Since small
particles have a greater specific surface area than
do large particles this phenomenon results in the
volatile elements becoming preferentially as-
sociated with small particles (/4). Table 6 presents
data showing how the specific concentrations of
several potentially carcinogenic elements depend
on aerodynamic particle size in fly ash both emitted
and retained by a representative coal-fired power
plant.

This dependence of trace element concentration
on particle size has the net effect of decreasing the
acrodynamic equivalent mass median diameters of
volatilizable trace elements with respect to that of
the bulk fly ash with the following important re-
sults: (1) many potentially carcinogenic trace ele-
ments are most concentrated in the small. pulmo-
nary depositing. fly ash particles which are least
effectively collected by existing particle control de-
vices: (2) the concentrations of volatilizable trace
elements determined by analyzing fly ash collected
by control devices are very much lower than the
concentrations of those elements actually emitted.
Trace element emission factors cannot. therefore.
be obtained by multiplying the specific concentra-
tion of an element measured in retained fly ash by
the bulk particle emission factor.

It should be pointed out that, although the
specific concentrations of volatilizable elements in-
crease more or less linearly with inverse particle
dianmeter (/4, 25), the same is not true when volume
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Table 5. Specific concentrations and volume concentrations of elements in coal and oil fly ashes.

Coal fly ash Oil fly ash
Specific concen. Volume concen, Specific concn, Volume concn,
Element ug/g ug/m? rg/e ug/m®

Al 70.000-140.000 5000-10.000 100-5000 130-300
As 2-500 60-90 30 4-7
Au 0.004-0.1 — —_ —

B 10-600 — — —
Ba 500-7000 30-110 500-10,000 1600
Be 1-10 — — —
Br 0.3-20 1-5 — —
Ca 6000-180.000 300-1000 10-1000 500-700
Cd 0.1-30 — — —
Ce 100-300 — — 1-2
Cl 10-500 — — —
Co 5-100 1-5 90 16
Cr 50-300 8-20 66 12
Cs 1-20 — — 0.1
Cu 50-650 — 50-2000 —
Fe 25.000-300.000 4000-10,000 10,000-100.000 700-1000
Ga 10-250 2-10 — —
Hf 5-10 — — —
Hg 0.02-0.4 — — —

1 0.5-7 1540 — —

In 0.1-0.3 — — —

K 1500-35.000 — 1000 —
La 35-100 2-10 — 2.5
Lu 0.5-2 — — —_
Mg 11.000-60.000 300-1000 500-5000 —
Mn 50-500 — 1-100 8
Mo 540 70-200 _ —
Na 1200-18.000 — 2000-50,000 4000-7000
Ni 5-100 10-25 — —
Pb 5-1000 10-20 200-2000 —
Rb 40-300 — — —
Sb 1-15 0.5-3.0 5 i

Sc 1040 24 - 0.03
Se 1-20 5-15 5 0.6
Sm 1020 —_ — 0.15
Sn 30-30 — — —
Sr 50000 — — —
Ta 0.5-1.5 — — —
Th 15-70 0.5-3.0 — 0.13
Ti 3500-8500 300-700 — —
Ti 2-30 — —_ —

U 3-20 — — -

v 100-300 10-60 100-200,000 10001200
w 3410 — — —
Yb 3-7 — — —
Zn 50-5000 20-70 200-3500 680

concentrations are employed. This is because vol-
ume concentrations depend upon the way in which
the bulk particulate mass is distributed with respect
to aerodynamic particle size. Some typical #lemen-
lal size distributions determined in the stack gas of a
coal fired power plant are presented in terms of
volume concentration (ug/m3) in Figure 2 (23).

As mentioned previously, coal combustion re-
sults in the cmission of several carcinogenic
radionuclides in particulate form. Specific concen-
trations of *'°Pb, **6Ra, ***Ra, ***Th, **Th, and #8U
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have been measured in coal fly ash (25-28); how-
ever, only ?'Pb and **U are enriched with respect
to the levels found in soil. Measurements of ***Ra,
*2Th. and *3¥U in the plume 6 km downwind from a
coal fired power plant show that these elements are
enriched over normal background levels by factors
of 9, 4, and 28, respectively (29). These authors
have assessed the lung doses from a 1000 MW coal
fired power plant to be approximately 10 man-rad
per year.
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Table 6. Specific concentrations of several potentially carcinogenic elements in coal fly ash as a function of particle size.” |

Specific concentration. ug/g

Particle diameter. um Ph Cd Se As Ni Cr !
Fly ash retained in plant
Sieved fractions
<74 140 <10 <12 180 100 100
44-74 160 <10 <20 500 40 90
Aerodynamically sized fractions

< 30 90 < 10 < |5 120 300 70

300 300 < 10 < 15 160 130 140

20-30 430 <10 <15 200 160 150

15-20 520 <10 < 30 300 200 170

10-15 430 < 10 <30 400 210 170

5-10 820 <10 < 50 800 230 160
<3 980 <10 < 30 370 260 130

Airborne fly ash

>11.3 1100 13 13 680 460 740

7.3-11.3 1200 15 11 800 400 290

4.7-7.3 1500 18 16 1000 440 460

3347 1550 22 16 900 540 470

2133 1500 26 19 1200 900 1500
1.1-2.1 1600 33 59 1700 1600 3300

“Data of Davison (14). l

cle surface deposition of elements volatilized during .
combustion and is found to occur for particles
derived from a variety of high temperature combus-
tion or smelting operations. e.g., automobile
exhaust particulates and blast furnace dusts (3/).

It is difficult to make quantitative measurements
of surface concentrations. However, some semi-
quantitative estimates of specific concentrations of
several potentially carcinogenic elements present in
a shell 300 A thick at the surface of coal fly ash
T S S TR S Y particles are compared to bulk concentrations in
Table 7 (31). It should be stressed that these data
are presented primarily for the purposes of illustra-
tion and should not be regarded as definitive. This
surface association is considered to be of consider-
able importance in determining the toxicity of trace
elements in coal fly ash. The following reasons are
cited. (1) Since it is the surface of a particle which
comes into immediate contact with the external en-
vironment (e.g. body fluids and tissues), the surface
predominance of toxic trace elements ensures their

Zn
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Table 7. Estimated surface concentrations

FiGure 2. Representative aetodynamic particle size depen- of elements in coal fly ash.

dences of the elements As, Pb, Se. and Zn in fly ush emitted

i
from a coal fired power plant. F refers to the final filter em- Estimated surface :
ployed with the cascade impactor used in sampling (23). Bulk concentrated in

concentration. 300 A layer. l

Surface Association of Trace Elements Element ue/e nee ‘
As 600 1.500

Recent results (30} have established that a Cd 24 700 }

number of trace elements. including several poten- g" 483 Itt)(()) I
tial carcinogens are more highly concentrated on ,3[: 620 27700
the surfaces of coal fly ash particles than in their S 7,100 252,000
interior. This phenomenon is probably due to parti- v 380 760
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ready availability. (2) Conventional bulk analyses
of particulates provide a poor measure of the actual
concentrations of toxic trace elements to which the
external environment is exposed. This fact must be
considered in designing toxicity studies using
synthetic particulates. (3) Since the surface layer
contains an increasing fraction of the total particle
mass with decreasing size, small, lung depositing
particles will have a greater proportion of their as-
sociated toxic species in immediate contact with
lung tissues than will large particles. i.e.. as indi-
cated earlier. lung-depositing particles definitely
constitute the most potentially carcinogenic frac-
tion of all fly ash particles.

Solubility

Probably one of the most important properties of
particulate matter emitted by fossil fucled power
plants is its solubility. Indeed, unless the associated
toxic chemical species can be extracted by lung
fluids their ability to act as chemical carcinogens is
probably negligible. Surprisingly. this point is fre-
quently overlooked.

[t is now well established that only about 2-3% of
the mass of both coal and oil fly ash is soluble in
water. Very little more is soluble in most dilute
acids or bases. However. while the fly ash matrix is
effectively insoluble, the so-called surface layer, in
which many potentially carcinogenic elements are
highly concentrated, is quite soluble. This is illus-
trated for the case of Pb in Figure 3. which shows

the dependence of concentration on radial depth
into coal fly ash particles before and after leaching
with water (/6).

The factors controlling the rate and extent of sol-
ubility of individual elements associated with fly
ash arc complex (32); however, it is apparent that a
substantial fraction (probably ~30%) of most poten-
tially carcinogenic elements is extractable from re-
spirable particles.

It is appropriate here to draw attention to the
distinction between the concentration and amount
of a species extracted from a particle. Thus, the
total amount of a given species may be quite small
and unlikely to constitute a hazard. On the other
hand, the localized concentration of that species
may be very high (due to its surface predominance)
and quite capable of causing damage in a micro-
region surrounding each particle. The question is
whether or not such local effects are important. If
not, then the surface predominance of carcinogenic
trace elements may be of little consequence.

Particulate Organic Compounds

Particulate associated organic material emitted
from fossil fueled power plants is known to contain
both aliphatic and aromatic compounds. To date
essentially all studies have been directed towards
the latter class of compounds with special emphasis
being given to polycyclic aromatic species which
include many well established carcinogens (2).
Even within this group, primary emphasis has been

Approximate Dcplh(z\)

0 160 320 480 640 800 960
T T LA S i T T T T T -
208Pb+ 3
Fy
240 g
> ({ o
2z -140000 —«
& K=
z ] E
= 160 -130000 <
1} (3]
.2_ i Q
o 1 S
& -120000 ©
80 & g
, \ - 10000 %
- )"_—,__ —— \1“ —————_ N R ] é
o .:‘—‘k ’.. o 2 - q - 1 .\.——_—1 0 <

e} 40 80 120 160 200 240

Time(secs)

FIGURE 3. Depth profiles of Pb associated with coal fly ash recorded ta) before, and (b} after leaching the fly ash with water and

dimethyl sulfoxide (/6).
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placed on hydrocarbons and little attention has
been paid to heterocyclic compounds containing
oxygen. nitrogen. or sulfur. Similarly, derivatives
containing substituents such as carboxylic. nitro,
sulfonic acid. or phenolic groups (if, indeed, they
occur) have received little attention. At this time,
therefore. the only polycyclic organic compounds
which have been uniquely identified as being as-
sociated with fly ash emitted by fossil fuel power
plants are listed in Table 8 (15, 16, 33). 1t should be
noted that many more compounds have been tenta-
tively identified but have not yet received full con-
firmation.

Table 8. Polycyclic organic compounds identified in stack and
plume particulates from coal-fired power plants.”

Polycyclic organic compounds

In plume. ng/m®

Instack,
Compound ng/m® 0-5 miles S-10 miles
Fluoranthene 2.7 5.0 4.4
Pyrene 16.4 60 9.0
Benzolajanthracene 69 232 14.4
Chrysene 48 68 10.8
Perylene <2 7.0 8.6
Benzolclpyrene 9.8 15.8 13.2
Benzolalpyrene 12.9 16.2 8.2
Benzoperylene 12 13 —

1.2.4.5-Dibenzopyrene
3.4.7.10-Dibenzopyrene
Phenanthrene
Dimethylbenzanthrucene
Anthracene
Benzo[k]fluoranthene
9.10 dimethyl anthracene
Benzo[b]phenanthrene
Fluorene

Tnphenylene

"Data of Stahley (33) and Korfmacher et al. (34).

A number of studies of particulate polycyclic or-
ganic matter (POM) emitted by fossil fueled power
plants have concluded that total emissions are neg-
ligibly small compared with those from other
sources (2). A summary of reported emission fac-
tors for several coal combustion operations is pre-
sented in Table 9. These figures translate to a total
emission of 1 ton of benzo[a]pyrene from all coal-
fired power plants in the United States. The much

Table 9. POM emission factors for coal-fired furnances."

POM emission factors, Ibfton coal x 10*

Pulverized Chain grate Hand

Species finng stoker fired
Benzola]pyrene 0.2-0.52 0.3 3520
Pyrene 0.8-1.6 3.5 5260
Benzole|pyrene 0-2.3 1.1 880
Perylene 0-0.6 — 526
Fluoranthene —_ 6.0 8800

“National Academy of Sciences data (2).
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higher emission factors associated with hand stoked
furnaces are attributed to inefficient combustion.
There is now substantial evidence indicating that
most, if not all. organic material remains in the
vapor phase so long as the stack gases are within a
power plant stack system (I/5, 32, 33). With the
temperature decrease which occurs following emis-

sion to the atmosphere, however, rapid adsorption

of organics onto the surfaces of co-entrained fly ash
particles akes place. What this means is that fly ash
retained by control equipment or collected within a
power plant stack contains only a small fraction of
the total organic material emitted. Conversely.
emitted fly ash contains much higher specific con-
centrations (ug/g) of organics than the same fly ash
prior to emission. In establishing POM emission
factors, therefore. it is vitally important to ensure
that material present in both vapor and particulate
form be included when samples are collected from
within a plant.

In view of the high carcinogenic potential of
POM (2). this vapor-to-particle conversion process
is of more than academic interest since it has the
following ramifications.

Since polycyclic organic compounds appear to
associate with fly ash by adsorption they will be
present primarily on particle surfaces which can
make intimate contact with lung tissues and fluids.
Furthermore. preliminary indications are that ex-
traction into solution is quite facile (3/).

Since adsorption depends upon the available sur-
face area of particulate adsorbent the highest
specific concentrations of POM will be found as-
sociated with small partictes in the respirable range.
In fact size distribution studies indicate that the
aerodynamic mass median diameter of
benzo[alpyrene in fly ash emitied from a coal fired
power plant is around 0.1 um (/, 33). In short. it is
reasonable to assume that essentialiy all POM de-
rived from fossil fueled power plants is capable of
pulmonary deposition.

Since particulate association of POM apparently
occurs primarily following emission, analysis of
particulate material collected inside a power plant
stack may provide a gross underestimate of POM
emissions (/6). This point is illustrated by the data
in Table 8, which show that when account is taken
of dilution, significantly (possibly several orders of
magnitude) higher concentrations of POM are
found in emitted fly ash than in that collected in a
power plant stack (33). While there is no reason. at
this time, to disbelieve the mission estimates pre-
sented in Table 9, it is of considerable importance
that they be fully substantiated by additional mea-
surements relating to modern fossil fueled power
plants.
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Chemical Conversion of POM

A number of studies have shown lhat.parli_culute
polycyclic organic species can be m'odlﬁed in the
atmosphere as a result of photochemical decompo-
Jition or reaction with sulfur or nitrogen oxides (2).
This is of considerable importance. since sqch reac-
tions may significantly alter the carcinogenic poten-
rial of POM. Indeed, the chemical compounds ac-
wally inhaled may be quite different from those
originally emitted to the atmosphere.

Recent studies (34) of the photochemical decom-
position of several polycyclic aromatic compounds
adsorbed onto the surfucc of coal fly ash indicate
that some compounds, e.g.., phenanthrene and
pyrene, do not decompose appreciably under the
influence of solar radiation. A second group. e.g.,
anthracene and benzola]pyrene, decompose with
half lives of several hours, giving the corresponding
guinone as the major product. Interesting behavior
is observed in the case of fluorene, which decom-
poses to fluorenone in the absence of light. '

Data such as these illustrate the point that esti-
mates of the carcinogenic potential of POM emitted
from fossil fueled power plants must necessarily be
based on analyses of particulate material collected
from the plant plume at some distance from its
origin. Until the results of such analyses are avail-
able. very little can be inferred about the nature and
amounts of potentially carcinogenic organic species
likely to be present.

Conclusions

It is apparent from the foregoing remarks that the
identities and amounts of most air pollutants emit-
ted by fossil fueled power plants are reasonably
well established. The major gap in knowledge of
this type concerns the emission of particulate
polycyclic organic matter (POM) which probably
includes the most potentially carcinogenic specics.

It is also apparent that simple knowledge of the
identity of a toxic substance is scarcely adequate to
cnable assessment of its significance as a health
hazard. This is of primary importance in the case of
particulate matter for which such factors as
aerodynamic size distribution and surface predomi-
nance may play a major,role in determining toxicity.
In this regard. the information which would be of
most value is a quantitative measure of the availa-
bility of carcinogenic species associated with parti-
cles.

While there is considerable information about po-
tentially carcinogenic species which are actually
emitted from fossil fueled power plants only

February 1978

rudimentary knowledge is available about the
changes that these species undergo prior to inhala-
tion. Consequently, contemporary estimates of
human hazards must, of necessity. be based on
what is known about emitted species plus what can
be inferred or guessed about the ways in which their
carcinogenicity may be modified prior to inhalation.

Pant of the rescarch described herein was supported by grants
ERT-74-24276, MPS-74.05745, and DMR-73-030206 from the
United Stutes National Science Foundation and by grant
R-8039350-01 from the United States Environmental Protection
Agency.
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Halogens, dioxins/furans

* Halogen compounds in fuels and fuel/flue gases
e Chlorine-related corrosion

* HCI control in flue gases and fuel gases

* Dioxins/furans formation and control

* Other compounds: HF, HBr, brominated organo-halogens

see: www.hut.fi/ ~rzevenbo/ gashook

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Organo-halogen compounds

4 6
3 7

2 8
7 9

2,3,7,8 tetrachloro dibenzo - p- dioxin

PCB
furan

PCB:s pOlyChlorinﬂted blpbe nyls 2,3,7,8 tetrachlorodibenzo furan
PCDDs  polychlorinated dibenzodioxins
PCDFs  polychlorinated dibenzofurans

with bromine: PBBs, PBDD:s etc.
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Halogens in fossil fuels (mg/kg)
(listed as F, Cl, Br)

Coal*, lignite 20 -500 / Light fuel oil
50-2000/0.5 -90
Peat ~ 500 Heavy fuel oil -/ <20
HEstonian oil shale ~2000 Orimulsion™ ~700
Petroleum coke, “petcoke” ~ 300 Natural gas
*Jodine 0.5 - 1.5 mg/kg
HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153
Wood 0.08 - 0.13 Munical solid waste (MSW) | 0.005 - 0.025 /
Halogens (firewood) 0.05-0.25
g Bark 0.02-0.4 Refuse derived fuel (RDF) 0.001 - 0.07 /
. b . 03-0.8
1N D10Mass Straw 01-15 |Packaging derived fuel (PDF) | 0.001 - 0,012 /
1-4
and waste
Landfill gas ~50 ppmw CCly Car tyre scrap 500 - 700
Auto shredder residue (ASR) 0.5-2
streams Textle 025
Newsprint paper ~0.11 Computer circuit boards 01-0.5/2-6
! mg Z kg ! (epoxy ot phenolic resins)
Ieather waste 0.7-3 Computer monitor housings ~01/~2
Electric & electronic equip- | ~ 3.5/ ~0.9
ment (E&F) waste plastics *
. Sewage sludge 0.03-1
(hSted as F’ Cl’ m) Mixed medical waste 1-4
Polyurethane foam ~07/~8/~3
(containing CEFC11)
PVC ~ 50 Black liquor solids 0.05-0.2

* Polymer market mix 1998
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Oxidation rate of CO in FBC in presence of HCI

CO oxidation rate (mol/m3s)

1
01 \\
0.01 1100 K \
1 bar \
0.001 10% 02 \
5%CO \
10%H20
0.0001 \\
0.00001
0001 001 01 1 10 100 1000 10000

HCl in gas (ppm-v)

HELSINKI UNIVERSITY OF TECHNOLOGY
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Emission standards for halogen compounds

ng/m’rm TEQ

Power MSW MSwW Power MSW Waste
@ 11 % Oy, dry plant [incinerator [incinerator| plant |incinerator[incinerator
Finland | Finland EU Germany | Germany USA
(1990+) (1994) (2000) (1999) (1999) (1995)
HCl no standard 10 10 50 10 29.1 or
mg/m’srp 99.5% red.
HF no standard 1 1 2 1 no standard
mg/m’sp
PCDD/F no standard 1 0.1 no standard 0.1 9.63
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Chlorine-related corrosion #1

Dewpoint of Corrosion rate by HCI and Cl,
hydrochloric acid

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Chlorine-related corrosion #2

Important for
chlorine-related
corrosion:

HC], Cl,
NaCl, KCl,
0,, SO,, H,0

Tube metals

Temperature
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Chlorine-related corrosion #3

Corrosion rate versus chlorine in coal

HELSINKI UNIVERSITY OF TECHNOLOGY

Halogen removal

in FGD
(with forced oxidation)
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Removal of HCI (& HF, HBr) from flue gases

» Conwventional, at low concentrations:
in wet scrubber for FGD, gives ~70% removal of HCI, HF.
Disadvantages:

— dissolution of SO, and lime/limestone are inhibited
— HF and fly ash give AIF,_ complexes in FGD (Inkoo, Finland)

— Corrosion, deposits formation upstream

» More suitable methods:

— (cold) inject alkali and collect salt particles in filter

— (hot) injection of calcium-based sorbent in upper furnace

HELSINKI UNIVERSITY OF TECHNOLOGY

ENE-47.153

Fl f Flue gas to 3
ue gas from 3O _
dust separator > Separator stage
ramp,  HLCl scrubber,
3trd stage Hmp
- container .
Packing 3 producing
1st stage set stage  ; S
Water 2nd stage "/ hydrochloric
. container .
Packing set stage 2 M
gives 14-18 % HCI,
Salt solution which is further
to vaporiser Water processed to

30-31%




HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Sorbents for HCI, HF, HBr (i.e. HX) #1

Limestone CaCO, Lime CaO Hydrated lime Ca(OH),
Nahcolite NaHCO; Soda/trona NaHCO,;*Na,CO,

Melting points of balogen salts

NaF: 988 °C ; NaCl: 801°C; NaBr: 755 °C
CaF,: 1360 °C; CaCl,: 772°C;  CaBry 730 °C
KF: 858°C; KCI 770°C; KBr: 734 °C

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Sorbents for HCl, HF, HBr (i.e. HX) #2

Potassium salts : high vapour pressures for KF, KCl, KBr
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Removal of HCI] and HF from pulverised
coal combustion flue gas (iinois, US, 1993)

Hydrated lime injected into a coal-fired
b(;ilt.er at ((;a /5=1.66, 3;A-Wt sulpht;r2 ;r(; fgel Chemistry :
njected into upper furnace at Ca(OH,) ® CaO + H,0

CaO + 2 HCI® CaCl, + H,0
CaO + 2HF ® CaF, + H,0

Results :
HCl1 63-86% removal,
from 660 ppmw
HF 94-99% removal
from 49 ppmw

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Halide removal (HCIl, HF)
from IGCC raw fuel gas at ~400°C

Buggenum IGCC
HCI ~ 600 ppm
HF ~ 220 ppm

Texaco IGCC
HCI ~ 500 ppm
HF ~190 ppm

for coal,
0.2% Cl,0.04 % F
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Removal of HCI from flue gas

with various sorbents

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Formation of dioxins / furans #1
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Formation of
dioxins / furans #2

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

“De Novo” dioxins / furans formation

Depends on 5 major factors :

1. The cooling rate of the flue gas, especially around 300°C
2. The amount of fly ash

3. The presence of trace elements, especially Cu and Pb

4.  The carbon and chlorine content of the fly ash

5.  The presence of free oxygen

Radical reactions Cl1+OH® HCI+0, OH+H® H,0

are competing with CO+OH® CO,+ H
giving apparently lower stoichiometry, giving more soot and C.H,

Deacon reaction : 2HCI + Y2 O, <=> Cl, + H,0
catalysed by Cu, Pb, Sn, .... ; reaction equilibrium to Cl, below ~500°C

Cl, + O, + C.H, + time @ 250-350°C ® PCDDs/Fs

10
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Equivalence schemes for PCDD /Fs

Dioxin I- TEF Furan I- TEF
23,7,8-TCDD 1 2,3,7,8-TCDF 0.1
1,2,3,7,8-PCDD 0.5 1,2,3,7,8-PCDF 0.05

1,2,3,4,7,8-HxCDD 0.1 2,3,4,7,8-PCDF 0.5
1,2,3,6,7,8-HxCDD 0.1 1,2,3,4,7,8-HxCDF 0.1
1,2,3,7,8,0-HxCDD 0.1 1,2,3,6,7,8-HxCDF 0.1
1,2,3,4,7,89-HpCDD | 0.01 2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,89-OCDD | 0.001 1,2,3,7,8,9-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF |  0.01

1,2,3,4,7,89-HpCDF |  0.01

1,2,3,4,6,7,89-OCDF | 0.001

International Toxic Equivalence Factors (I-TEF) (INATO, 1988) standardize the toxicity of the
dioxins and furans, to derive a toxic equivalence as 2,3,7,8-TCDD. The I-TEF for the dioxins
and furans without chlorine atoms at the 2, 3, 7, and 8 positions is zero.

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Rate of de novo PCDD/F formation
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Effect of calcium-based sorbents on
PCDD/F release from an FB waste combustor

HELSINKI UNIVERSITY OF TECHNOLOGY ENE-47.153

Emission control for PCDD/Fs

Carbon injection*
Fixed bed carbon absorption + SNCR
SNCR + carbon injection*

Lime / char adsorption

SCR catalytic oxidation
SCR catalytic oxidation + carbon injection*

* collected downstream in (a separate) dust control system

also for PCBs, brominated compounds (PBBs, PBDD/Fs)

12
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Dioxins /furans control for waste incinerators

(MSW = municipal solid waste)

process PCDD/Fs from gas clean-up PCDD/Fs removal
furnace ng/m?3sre system efficiency %
5 incinerators for RDF 43 - 2157 wet scrubber + >95.7
or MSW fabric filter
3 incinerators for 28 - 783 SCR + wet scrubber 87.7-99.6
MSW + fabric filter
pilot incinerator for 87 - 2277 sorbent injection + > 99.55
MSW fabric filter
MSW incinerator 170 wet scrubber + ESP 64.3

HELSINKI UNIVERSITY OF TECHNOLOGY

ENE-47.153

PCDD/F removal by a bag filter :

effect of entrance temperature

13
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Other halogens #1:

control of HF + HCI

ESP or fabric filter

Process* Temperature | HF removal | HCI removal

at outlet EC % %

dry sorbent injection + fabric filter 160 - 180 98 80
spray dryer absorber + ESP 140 - 160 99 > 95
spray dryer absorber + fabric filter 140 - 160 99 > 95
spray dryer absorber + dry sorbent ~ 200 99 > 95

injection + ESP or fabric filter

ESP + wet scrubber 104 - 122 99 > 95
spray dryer + west scrubber + 104 - 122 99 >95

* sorbent = sodium- or calcium- based sorbent

HELSINKI UNIVERSITY OF TECHNOLOGY

ENE-47.153

Other halogens #2:

formation of brominated dioxins/furans

(PBDD/Fs) from PBDE flame retardants

14
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5.3 NITROGEN OXIDE EMISSION

Nitrogen oxides are some of the major air pollutants emitted by coal-tired boilers. Uncontrolled
NO, emissions from conventional PC-fired boiler are in the range of 0.8 10 1.6 mg/MI. Strict
legislation (Table 5.4) is being considered or hus been implemented by many countries that restrict
the emission of nitrogen oxides. The designer of 4 fluidized bed boiler is required to ensure that the
emission level is below the regulatory guidelines. If the operator uses innovations like a low NO,
burner. over-fire air or reburn, the NO, might be reduced by 20 to 79%. It ammonia is injected as in
selective noncatalytic reactors (SNCR). the NO, emissions may reduce by 20 to 50%. The greatest
reduction 1s obtained by the use of a sclective catalyuc reducer (SCR) downstream of the boiler.
where ammonia is injected just prior to passing the flue gas over a stack of catalyst. The SCR can
reduce the cmission by 80 to 95%. but it 1s a relatvely expensive retrofit and needs replacement of
expensive catalysts. The following section describes the mechanism of formation (or destruction)
and the effect of operating paramciers on nitrogen oxide emission from BFB or CFB boilers.
Section 3.4 discusses emission of the other oxide of nitrogen. N-O

5.3.1 Sources of NO,

The symbol NO, represents nitric oxide (NO) and mtrogen dioxide (NO»). Amongst thesc. nitric
oxide is the major product of coal combustion. and therefore most of the discussion will center on
this compound.

Nitric oxide 1s formed through oxidation of the following:

+ Atmospheric nitrogen (giving thermal NO,)
« Fucl-bound nitrogen (giving tuel NO,)

During combustion. the mitrogen ot the combustion air is oxidized to thermal NO,. but 1t 1s
significant only above 1540°C (Morrison. 1980). Thus. it 1s a minor contributor (< 10%) to the NO,
generated 1n fluidized bed boilers. where the combustion temperature rarely cxceeds 900°C.

The nitrogen content of coal is typically 1 to 2% on a dry. mincral-free basis and it comes from
the volatiles and the char of the coal. The possible reaction path towards the formation of NO from
the coal is shown in Figure 5.12. It assumes that the fuel nitrogen is equally (50%) distributed
between the char and volatiles.

The char nitrogen is oxidized to NO through a series of reactions. The volatile nitrogen appears
as NH; or HCN. Ammonia (NH3) may decompose into NO being catalyzed by CaO or char. while
the HCN 1s primarily converted into N>O (Moritomi and Suzuki, 1992). Approximately 77% of the
fuel nitrogen is oxidized to NO by the above reactions (Johnsson, 1989), and the rest appears as
NH;, which in tum is partly converted 1o nitrogen (Figure 5.12). Thus with a senies of parallel-
consecutive reactions, NO is formed by the oxidation of volatile nitrogen (Sarofim and Beer. 1979).
Part of the NO formed above is also reduced back to nitrogen.

A large number of complex chemical reactions are tnvolved in the formation and destruction of
nitric oxide from either char or volatiles. Some of these reactions are catalyzed by calcined
limestone (Ca0). spent limestone (CaS0,). and char. A list of the probable reactions and their rate
constants 1s given by Johnsson (1989). The contributions of each reaction to the formation of NO or
its subsequent destruction are not equal.

5.3.2 MeTHODS OF REDUCTION OF NO, EMISSIONS

The generation of NO, in a combustion system can be reduced somewhat through suitable
modifications of the system. These modifications are discussed below.
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FIGURE 5.12 Reiative importance (percentages of total tuel nitrogen involved) of different reaction paths in
the formation and reduction of mitric oxide are tndicated through numencal figures. Char and caicium oxide
catalyzes some reactions as indicated within brackets

5.3.2.1 Lowering of Combustion Temperature

Low combustion temperature inhibits the oxidation of the nitrogen in the combustion air to
thermal NO,. Thus. the generation of thermal NO, is negligible in the temperature range of 750 to

900°C. The amount of NO, generated from fucl nitrogen is also found 1o decrease with temperature
(Figure 5.13 and Figure 5.14).

5.3.2.2 Staging Air
Instead of teeding all the combustion air through the bottom of the furnace. part of it can be added

at a section further downstream 1n the furnace. Such staging of combustion air has a significant
beneficial influence on the reduction of NO, emissions, especially for highly volaule coals.

Nitrogen -
Oxide, mg/MJ ~

[ WO S B ! !
11 1.2 13 14 15 1.6

Total Excess Air Ratio

FIGURE 5.13 NO, emission increases with excess air ratio as well as with combustion temperature.
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FIGURE 5.14 Dependence on the emiss.ons of N-O and NO, of the combustion temperature of a fluidized bed

burning low- volatile bituminous coal. Results are shown for two excess air A = 1.3 and A = 3.7. Thickness of
the line shows the scatter of the data points. (Adapted from Braun. 1987)

=t

the combustion air 19 ‘3 Insufficient combustion air passing through the bottom of the furnace helps the nitric oxide to be
wrature range of 750 to P reduced by char and CO in the lower zone A low NO, burner in a PC boiler. working on this
“rease with temperature 4 principle. can reduce NO, by 40 to 50%

‘ 5.3.2.3 Injecting Ammonia

Injections of ammonia (NH3) into the upper section of the furnace or the cyclone of a CFB boiler

part of it can be added S W have proven successtul in further reduction of NO, emissions. However. there is some danger of
n i has a significant L NH; escaping into the solid waste or flue gas creating additional hazards. Combustion of chlorine-
fuighly volatile coals. bearing coal may emit ammonium chloride through the stack. Therefore. the NH: injection should

RER  be carefully monitored.

5.3.2.4 Lowering Excess Air

The eflect ol excess air on the NO, emission from a commercial CFB boiler is shown in Figure 5.13.
- The NO emissions arc reduced signihcantly when the excess air 1s reduced. For example. Hirama
| ~etal. (1987) noted that the NO emission from a CFB boiler reduced from 150 to 80 ppm when the
: excess air was reduced from 30 to 10%.

5.3.3 NO, Emission FroM CFB

The mechanism of NO, emission from CFB boilers is different from that of BFB boilers, and this
difference is responsible for a lower level of emission (Hirama et al.. 1987) from the former. Even
; without the staging of air. the NO is found to be progressively reduced to N by the unburnt carbon
in the furnace of a CFB boiler. Table 5.6 compares the capture efficicncy of NO, and SO; from
CFB and BFB boilers. The nitric oxide emission from the BFB boiler is about twice that from the

CFB boiler.
Very little ammonia or CO is available in the furnace to assist the reduction of NO. It 1s
interesting to note that if the bed material contains calcined limestone, the trend is reversed.
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Calcium oxide catalyzes the oxid:tion of NH1 in coal volatiles to NO. Thus. NO increases with bed
mventory in the presence of calcined limestone. However. the catalytic activity ceases when the
calcium sulfate concentration exceeds 10%. In that case. NO does not increase with the bed
imentory.

5.4 NITROUS OXIDE EMISSION

Nitrous oxide. N>O docs not have much direct adverse eftect on our immediate environment, but it
affects the ozone layer in the stratosphere and traps heat causing global warming. The information
available now to elucidate its mechamsm of formation and the exact magnitude of its effect is far
from complete. The present section will. however. present a brief discussion based on information
avuilable to date.

5.4.1 MeCHANISM OF FORMATION OF N, O 1IN CFB

The mechanism of formation of N,Oin a coal-burming Ruidized bed 1s not understood as well as it is
for a gaseous flame. In gaseous flames. the intermediate combustion compound HCN is an
important source of N,O.

HCN + 0 — NCO + H
NCO + NO — N0 + CO (5.35)

However. the nitrous oxide tormed is immediately destroyed by its reaction with hydrogen radicals
{Amand and Andcrsson. 1989).

N-O+H—N.~OH (5.36)

The extent of destruction of N>O increases with the reaction temperature.
Nitrous oxide may also be produced through:

. Reduction of nitric oxide by curbon in char:
Char + 2NO — N.O 4+ CO

2. Direct oxidation of char nitrogen during combustion:

Char N + 0, — N,O (5.37)

In the range of 800 to 900°C. the rate of formation of nitrous oxide from char nitrogen is
proportional to the combustion rate of char (deSoete. 1989). However. experiments at higher
temperatures (>900°C) in pulverized coal flames found negligible contribution of char nitrogen
oxidation or NO reduction by char carbon to the total nitrous oxide emission (Kramlich et al.,
1988).

5.4.1.1 Level of Emission

The nitrous oxide emission from CFB boilers is in the range of 50 to 200 ppm (Moritomi et al..
1990). In a typical pulverized coal-fired boiler. N,O emission is in the range of 1 to 20 ppm because
of the higher combustion temperature of the PC boiler.

Harada (1992) observed that the cmission of N>O in a bubbling fluidized bed firing low-volatile
coal decreased from 250 to 75 mg/m® when the combustion temperature increased from 800 to
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¥
90()°C, but the NO, emission increased from near 0 to 200 mg/m-. Interestingly, the sum of NO,

f.id N-O decreases only shghtly with increasing temperature.

5.4.2 EFFECTS OF OPERATING PARAMETERS ON N, O
'5.4.2.1 Combustion Temperature

Combustion temperature has the dominant cffect on the emission of NO, and N>O. High
temperature 1s favorable to the thermal decomposition of N-O. so at high temperature (800 to
900°C) one finds a nse in NO, and a fall in N>O emission. At higher temperatures. the char
R concentration is lower due to its higher burning rates. Thus. there is less reduction of NO, to
b molecular nitrogen. Figure 5.14 shows that while the NO, emission from a bubbling fluidized bed
increases with temperature. the N.O decreases continuously.

An important observation made in a CFB furnace (Amand and Andersson. 1989) was that the
concentration of N->O increased along the height of the CFB combustor, while the concentration of
NO decreased continuously along the height of the combustor. Unlike the emission of NO. that of
N,O is greater at lower combustion temperaturcs.

5.4.2.2 Effect of Volatiles

- Higher volatile content of the fuel decreases the N>O formation. but increases the NO, formation.
Harada (1992) observed that in a bubbling fluidized bed. the sum of N-O and NO, remains nearly
constant in the range of 800 to 900°C. Low-volaule coal gives higher carbon content in beds,
creating a more tavorable condition for the reduction of NQ, into molecular nitrogen. which is a
precursor for N>O.

. Biomass fuel was found to have exceptionally low emissions of nitrous oxide in both CFB and
g’, ¥ BFB boilers (Leckner et al.. 1992). Co-firing of coal. however, produced high N,O emission.

; - 5.4.2.3 Effect of Excess Air

For a given excess air. sphtting the air into primary and secondary parts generally results in a
decrease in emissions of both NO, and N,O because the oxygen deficient. substoichiometric
condition helps reduce nitrogen oxides into molecular nitrogen. The NO, emission also shows
significant dependence on the total amount of excess air as shown in Figure 5.14. Additionally. this
figure shows that although N,O enussion also increases with excess air. the increase is not
significant between excess air coefficients of 1.3 and 3.7 at the same operating temperature.

5.4.2.4 Effect of Limestone

The prescnce of CaO helps reduce the NO, i a CFB furnace. but it is not very effective in the
case of a BFB furnace (L.eckner and Amand. 1987). It is apparently due to the presencc of a
substoichiometric zone in CFB boilers and its absence in BFB boilers.

The higher catalytic effect of CaO on the destruction of N,O at higher temperatures is another
reason for lower N>O at higher tempcratures.

AP 1

5.4.2.5 Effect of NH; Injection

Ammonia injcction helps reduce NO, emission when used in a narrow temperature range around
870°C (Mclnnes and Van Wormer. 1990) and is therefore used when very low NO, emission is
required. However. it increases N,O formation. The injection of ammonia on catalysts brings about
significant reduction in NO, emissions. It 1s in fact the basis of operation for selective catalytic
reducers (SCR)s.
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5.4.3 RepuctioN OF N,O

Afterburning in the cyclone of & CFB boiler is a good technigue for reduction in N-O emissiop,
Gustavsson and Leckner (1995) burned gas in the cyclone to raise the cyclone flue gas temperaturs
and it reduced the N>O emussion from 150 to 30 ppm

Only a small part (5%) of the nitrogen in char 1s converted to nitrous oxide. but its reduction op
the char surface is faster than that of NO reduction (deSoete. 1989). Unlike NO reduction, N,0
reduction is independent of CO concentration. The conversion of the coal nitrogen into N,Q
depends on the devolatilization process. It has been observed (Freihaut and Scery. 1981) that whep
coal is heated at a moderate rate up to 900°C. only a small part of the coal nitrogen appears as HCN,
which is the major source ot N-O. Thus. control of the coal devolatilization rate may provide some
clue to the reduction of nitrous oxide in CFB boilers. Feeding the coal in arcas of the CFB loop
having a lower heat-transfer rate may dclay the devolatilization process.

5.5 MERCURY EMISSION

The emission of mercury has received much atiention. Some countries are contemplating enforcing
90% capture {rom coal-fired power plants within a specified period of time.

Several options for mercury capture are used. The options can be classified under three groups
(ICAC. 2005): sorbent injection. clectro-catalytic oxidation. and precombustion technique.

5.5.1 SORBENT INJECTION

This is the most popular method. Sorbents are injected into the combustion gas to absorb gaseous
mercury. These sorbents capture the gascous mercury to retain it in solid form. and are then
captured downstream 1n a particulate capture device hike a bag-house or ESP. The sorbents could
be:

. activated carbon
. bromine
3. polysulfide

In some cases, SCRs (used for NO, control) or wet scrubbers (used for SO, control) are also
found to capture significant amounts of mercury.

Another approach involves the addition of some chemicals that will oxidize elemental gascous
mercury into solid compounds and make 1t easier to capture. Such mineral-based reagents would be
cheaper than the activated carbon traditionally used tor capturing mercury.

5.5.2 ELECTRO-CATALYTIC OXIDATION

This technique is a multicontrol technology. It can reduce the emissions of NO,, SO,. particulate
matter. and mercury simultancously. It consists of a discharge reactor. ammonia-based wel
scrubber, and a wet clectrostatic precipitator. The whole unit is located downstrcam of the
existing ESP or fabric filter of the plant. The barrier discharge reactor oxidizes NO,, SO-, and H,
while the ammonia-bascd wet scrubber removes NO,. SO, and oxidized mercury creating an
ammonium sulfate/nitratc solution. The wet ESP captures acid aerosols. fine particulates. and the
oxidized mercury. The solution is sent to a filtration system to separate spent mercury and spent
activated carbon for disposal as hazardous waste. The other part of the solution can be used in
fertilizer.
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 5.5.3 PRECOMBUSTION TECHNOLOGIES

uon in N,O emissiop - Some proprictary processes are available (K-fuel) which can wash the coal of its pollutants. but the
< flue gas temperature mercury removal is in the range of 70% instead of 90% as in other methods.

There is another consideration for the mercury in solid residues. Its concentration is highest in
te, but 1ts reduction on j fly-ash with about 0.33 ppm. followed by FGD waste with about 0.22 ppm. Thus the disposal of
> NO reduction. N, these solid residues from a power plant using mercury control technology needs careful planning to
+l mitrogen into N;O B prescnt reemission of the mercury into the atmosphere.

-ery. 1981) that whep c

!r““ i’ippearsras HCN, IR 5.6 CARBON MONOXIDE EMISSION

e may provide some S

cas of the CFB loop S When carbon monoxide is inhaled. it displaces oxygen in the blood. Oxygen deprivation can be

- especially dangerous for the heart and brain tissues. CO. particularly in urban areas. comes
, primarily from automobiies. The cmission of carbon monoxide from fluidized bed boiler plants 1s
WP not generally percenved to be a major problem. and is normally below the statutory limit. The
‘ ¥ emission depends on the fuel composition and the combustion temperature. The CO level in the flue
gas increases with decreasing combustion temperature. particularly below 800°C. Typical levels of
“mpliting enforcing : emission are in the range of 40 to 300 ppm (Brercton. 1997). as compared 1o 200 to 400 ppm in
8  stoker-fired boilers.
under three groups
" (echnique. 5.7 CARBON DIOXIDE EMISSION
Carbon dioxide. being the most important greenhouse gas. has received the greatest attention in
terms of emission control. Release of carbon dioxidc per unit power produced is an important index
of a plan's performance. Table 1.3 compares the CO, cmissions of plants using different
: technological options.

Carbon intensity. which is the amount of carbon released during combustion. is highest for coal.
followed by oil and gas. For efficient combustion. all the carbon is oxidized into carbon dioxide.
Sulfur capture requires the use of limestone in a fossil fuel-fired boiler, which produces additional
amounts of carbon dioxide from the calcination reaction of mestone (Equation 5.6). The operation
of a BFB boiler involves calcination of 3 to 4 times the limestone actually consumed in capturing
the sulfur. while emitting an equivalent amount of extra carbon dioxide into the atmosphere. A
CFB. on the other hand. needs about twice the stoichiometric amount. This aspect, as well as higher
nitrous oxide emissions. makes fluidized bed boilers less attracuive from a climate change point of
view especially if they use limestone for sulfur capture. The problem is not as severe for fluidized
bed boilers finng low-sulfur fuels which do not use limestone. If one takes a total picturc of the
powerplant, the comparison with a pulverized coal-fired boiler with FGD. SCR. etc.. may not be as
pessimistic. Higher auxiliary power consumption by mills and FGD also require additional CO,
emission for the same net power output (Miller. 2003).

Less use of limestone means less production of CO» as every mole of limestone produces one
mole of CO,. Considerable effort has been made to reduce the calcium-to-sulfur ratio by using
techniques like rehydration of sorbents, injection of water or steam 1nto flue gas leaving the boiler

to absorb gaseous
rm. and are then
he sorbents could N

<ontrol) are also

emental gaseous
zagents would be

>O-. particulate with fly ash. and the use of synthetic sorbents. There 15 also the potential of using a carbonate cycle
1a-based wet 7 where the reverse of Equation 5.6 could be forced at a lower temperature (< 750°C) to absorb CO,
nstream of the at CaCO,.

) 50,. and H, ! Ca0 + CO, = CaCOj + heat (5.38)

‘v creating an
ulates, and the
-ury and spent

The chemical looping cycle. though still in the stage of laboratory-scale research. holds high
promise of reduction of CO- emission from conventional tluidized bed plants. The best and the least

I

—an be used in - expensive approach for reduction would be the use of higher efficiency combined- or hybrid-cycle
- discussed in Chapter |.
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5.8 EMISSION OF TRACE ORGANICS

Fluidized beds are also used for incinerating waste products. which are sometimes hazardoug,
Dichlorinated benzene and PCBs are some of the iems that can be destroyed in fuidized begd
incinerators. In order to provide the necessary high-temperature residence time. the incinerators are
operated at high temperatures.

Desai et al. (1995) found the dioxin concentration in the flue gas from a PCB incinerator to be ig
the range of 3 to 42 ng/m’. This level. being above the statutory himit of 0.1 to 1 ng/m’ a dry
scrubber is needed. which allows removal of the dioxin and furan by 99.9% (Brercton. 1997).
Scrubbers are also required for removal of HCl. which can be captured by the CaO in the cooler
(< 650°C) section of the incinerator.

Co-combustion of coal and waste products could help reduce the emission of dioxin below the
statutory limit especially in presence of sulfur in the fuel.

5.9 PARTICULATE EMISSION

In any boiler. ash of a fuel is sphit into two streams. The coarser fraction is drained from the bed
as bottom ash. and the finer fraction leaves the furnace as fly ash to be collected by downstream
particulate collection equipment like a fabric filier or electrostatic precipitator. The amount of fuel
ash that appears as fly ash in a {luidized bed boiler 1s generally lower than that in a pulverized coal-
fired boiler because a sizeable pan of the ash in the former appears as bed drain. In a typical PC
boiler. more than 80% of the fuel ash appears as fly ash. while only a small to negligible fraction
appears as bottom ash. The fly ash from fluidized bed boilers without limestone addition 1s 1n the
range of 40 to 80%. The split of ash between bed ash and fly ash depends on:

» feed-size distribution
« dispersion of ash in the coal (intrinsic or extraneous)

The ash in a fluidized bed is generated at 800 to 900°C. Theretore, it docs not melt but remains
rough edged. maintaining the original shape of the mineral matter in the ash. The ash in a PC-fired
boiler. on the other hand, 18 produced at 1000 10 1500°C. PC ash therefore melts and. owing to
its surface tension. assumes spherical shape. Figure 5.15 shows scanning electron microscope
photographs of fiy-ash samples from both CI'B and PC boilers. The spherical shapes of the PC ash
and irregular shapes of the CFB ash are clearly visible from this picture.

5.9.1 AsH CHARACTERISTICS

Oka (2004) reasoned that since the ash generated in a BFB boiler is entrained at a lower velocity
than that for PC boiler only the finest particles appear as fly ash in a BFB boiler. The mean diameter
of fly ash particles in a BFB boiler is in the range of 3.0 to 5.0 gum. while that in a PC boiler is in the
range of 5.0 to 8.5 um. Table 5.8 presents a comparison of physical characteristics of fly ash from
PC and BFB boilers as outlined below:

Higher specific surface arca and higher porosity favor the use of fluidized bed fly ash for
concrete and cement applications. Finer size also helps its application in cement.

Oka (2004) suggests that the rough edges of the fluidized bed boiler ash increase the
hydrodynamic resistance of the cakes formed on bag filters. Thus a fluidized bed boiler may need
lower filtration velocity in the bag than would a PC boiler with smooth ash particles. Table 5.8
shows the filtration velocities recommended by Oka (2004) for BFB and PC boilers. The filtration
velocity for BEB fly ash 1s less than half of that for PC fly ash, so a BFB boiler might need a larger
bag-house than a PC boiler.
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FIGURE 5.15 Scanning electron microscope photographs of samples of fly ash trom both CFB boiler and a PC
boiler.

Fluidized bed boilers with limestone injection are likely to have less sulfur in the ash. Thus in
the design of electrostatic precipitators. one needs to take note of the higher resistivity of fluidized
bed boilers with sulfur-capture systems. This would require large plate arca.

TABLE 5.8 . . .
Comparison of Design Parameters for Particulate Control Devices for Fluidized Bed with

Limestone Injection and Pulverized Coal Fired Boiler

Properties BBF boiler PF boiler
i g 5-20 10 40
:fic surface area. m™/gm 2

gﬁ;l::r::::c; e 82-84¢%% 38-75%
' : 05-08

Filtration velocity. m]lmln/n.l' (I),lS;O 4 050

Specitic dust loading. Kg/m~ 5-2
S : 1011-1013 1010

Ash resistivity, Ohm. cm

Source: Data collected from Oka. 2004



MidAInerican MidAmerican Energy
. vé ENERGY 886 Grand Avenve

OBSESSIVELY, RELENTLESSLY AT YOUR SERVICE. PO. Box 857
Des Moines, lowa 50303-0657

September 25, 2005

Dave Phelps

Construction Permits

IDNR, Bureau of Air

7900 Hickman Road, Suite 1
Urbandale, IA 50322

Subject: Prevention of Significant Deterioration (PSD)
Permit Application for the
Council Bluffs Energy Center Unit 4

Dear Dave:

As you are aware, MidAmerican Energy Company is proposing to construct and operate a coal-fired
electric generation facility referred to as the Council Bluffs Energy Center Unit 4. The facility will
be located at MidAmerican’s Council Bluffs Energy Center in Council Bluffs, lowa. Construction of
the proposed 750 MW coal-fired facility is proposed to start in June 2003, with commercial
operation proposed for June 2007.

MidAmerican Energy Company is submitting the attached Prevention of Significant Deterioration
(PSD) Permit Application for the Council Bluffs Energy Center Unit 4. The submittal includes two
copies of the PSD application for DNR, and three copies have been included for distribution to
Nebraska DEQ, Omaha Public Works, and Region VII EPA. Additionally, the PSD application
includes a CD with the modeling results for the proposed facility.

Please contact me at (515) 281-2692 with any questions or comments regarding the PSD submittal.

Sincerely,

Steve Guyer
Director Environmental Services

RECEIVED
Cc: Cathy Woollums

® | SEP 2 5 2002
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SECTION 1.0

Introduction

Mid American Energy currently operates the Council Bluffs Energy Center (CBEC) site
located south of Council Bluffs in Pottawattamie County, lowa. The plant currently consists
of three coal-fired electric generating units designated as Units 1, 2, and 3, with a combined
net generation capacity of 821 Megawatts (MW). The CBEC facility is a major stationary
source of air emissions. Mid American is proposing to expand the CBEC facility by adding
one additional nominal 750 net MW unit designated as Unit 4. This document is intended to
serve as an application for an Air Quality Construction Permit in accordance with lowa
Administrative Code 567 IAC 22.1 and a request to amend the existing permits for CBEC
including PSD and Title V.

This application contains a process description for the proposed addition of Unit 4, the
emissions information, a request for permit limits, regulatory review, a Best Available
Control Technology (BACT) analysis, a Maximum Achievable Control Technology (MACT)
analysis for applicable HAP pollutants, results of Class [ and Class Il modeling, monitoring
information, and a compliance plan. The required construction permit application forms are
provided in Appendix A of the application.

1.1 Unit 4 Impact on Emission Levels

The addition of Unit 4 is subject to Prevention of Significant Detericration (PSD) regulations
for Carbon Monoxide (CO), Total Particulate Matter (PM), Particulate Matter less than 10
Microns (PMug), Volatile Organic Compounds (VOC), Sulfur Dioxide (50;), Nitrogen Oxide
(NOx), Lead (Pb), Sulfuric Acid Mist (H:50), Fluorides (as HF), Total Reduced Sulfur and
Reduced Sulfur Compounds.

CBEC Units 1, 2 and 3 were previously permitted (92-TV-001-M004) as major stationary
sources under State and Federal PSD air quality regulations. The addition of Unit 4 is
subject to separate additional PSD permitting because there is a significant increase in
emissions of PSD-regulated pollutants associated with the proposed addition of Unit 4.
Annual emissions from Unit 4 are estimated to be 4,034 tons of 5O,, 2,689 tons of NQ,, 5,166
tons of CO, 672 tons of PM, 854 tons of PMy, (filterable and condensible), 126 tons of VOCs,
0.88 tons of Lead, 142 tons of H250;, 22 tons of HF, 30 tons of Total Reduced Sulfur, 30 tons
of Reduced Sulfur Compounds and 109 tons of Hazardous Air Pollutants (HAPs).

Mid American is not required to offset the increase in emissions of criteria pollutants, and
therefore PSD New Source Review (NSR) requirements will apply to these poliutants for the
addition of Unit 4.

The CBEC is located in an attainment area for all criteria pollutants. The CBEC will meet all

National Ambient Air Quality Standards (NAAQS) and the Class I and Class I1 PSD

increments in the vicinity of the plant. Unit 4 will also be required to meet the applicable

New Source Performance Standards (NSPS) defined in federal regulations 40 CFR
"Subpart D(a).




1.2 Overview

The addition of Unit 4 at the CBEC facility will result in additional power generating -
capacity to sustain current and future power demands in the Mid American Energy service

area. This project will result in economic benefit through the creation of jobs during facility
construction, permanent jobs during startup and operation, and employment opportunities

associated with facility support, fuel mining and transport functions.

The CBEC facility is located in an area of relatively low population density. The Council
Bluffs facility is situated in a broad valley that is favorable to plume dispersion and the
nearest Class [ area is more than 500 km away. State-of-the-art pollution controls are
proposed for Unit 4 that will make the new unit one of the cleanest coal-fired power plants
in the nation. Pollution controls include low NOx burners, overfire air and selective catalytic
reduction to control NOx to an outlet concentration of 0.08 Ib/mmbtu; lime spray dryer flue
gas desulfurization to control SO, to an outlet concentration of 0.12 Ib/mmbtu; and a pulse-
jet fabric filter baghouse to control filterable PMyo to an outlet concentration of 0.018 Ib/
mmbtu.

An air quality modeling analysis was performed to demonstrate compliance with state and
federal air quality regulations that are applicable to the proposed project. Dispersion
modeling was conducted for each criteria pollutant for which the annual emission rate was
equal to or greater than the significant emission rates for PSD analysis. The air quality
impact analysis also included a growth analysis, soils and vegetation analysis, Class [ and
Class 11 visibility impairment analyses and a cooling tower impact analysis.

1.3 Permit Application Organization

This application is organized into nine sections and six appendices. A CD-ROM of modeling
files is also enclosed.

e Section 1.0 - Introduction. This section provides an overview of the project and
describes the report organization.

e Section 2.0 - Process Description. This section includes a process description for the
proposed Unit 4 including the boiler, emission control equipment and material handling
systems. :

¢ Section 3.0 - Emissions Summary. This section provides a summary of emissions
related information, including stack and auxiliary equipment emissions and material
handling emission estimates.

e Section 4.0 - Requested Permit Limits. This section presents a discussion of requested
permit limits to reflect consistency with assumptions made in the analysis of project
related emissions.

» Section 5.0 - Regulatory Applicability Review and Requirements. This section
contains a detailed regulatory review of all state and federal air regulations that may
impact the permitting, construction, or operation of the proposed Unit 4.



Section 6.0 — Control Technology Analysis. This section includes a control technology
analysis for criteria pollutants (BACT Analysis) and for Hazardous Air Pollutants,
(MACT Analysis).

Section 7.0 - Air Quality Impact Analysis. This section includes the Class I and Class I
air quality modeling analyses including a review of growth impacts, soils and
vegetation, visibility impairment and cooling tower impacts.

Section 8.0 — Monitoring Information. This section presents monitoring related
information.

Section 9.0 - Compliance Plan and Certification. This section presents the Title V
Compliance Plan and Certification including a Compliance Assurance Monitoring Plan.

Appendix A - Permit Application Forms. This appendix includes the required IDNR
construction permit application forms.

Appendix B - Regulatory Review Requirements. This appendix includes regulatory
review tables for both Iowa and Federal air quality requirements.

Appendix C - Modeling Files and Information. This appendix includes a list of the
modeling files on the CD-ROM and representative input and output files.

Appendix D - RACT/BACT/LAER Clearinghouse. This appendix includes the RBLC
database tables used for the Section 6.2 BACT analysis.

Appendix E - BACT Cost Analysis. This appendix includes the cost analyses for
various control technology alternatives reviewed in the Section 6.2 BACT analysis.

Appendix F - Emissions Calculations. This appendix provides the calculations that
were used to determine the criteria and HAP emissions for this permit application.
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SECTION 2.0

Process Description

2.1 Facility Description

The Council Bluffs Energy Center (CBEC) is located in Pottawattamie County, Iowa just
south of the City of Council Bluffs. The Missouri River forms the west boundary of the plant
site and Interstate highway I 29 forms the east boundary (Figure 2-1). The plant currently
consists of three coal-fired electric generating units designated as Units 1, 2, and 3. Their
generating capacities are 43 MW, 88 MW, and 690 MW net. Mid American is planning the
addition of a fourth unit, designated as Unit 4, that has a nominal rating of 750 MW net.

2.1.1 General Process Description

CBEC generates electric power for sale to the customers of Mid American Energy, the
operator of the Council Bluffs Energy Center. Figure 2-2 is a general process flow diagram
for Council Bluffs Unit 4. The generating plant produces electricity by combusting coal to
produce heat to convert water to steam. The steam powers turbines attached to electric

generators. Generators convert mechanical energy supplied by a turbine into electrical
energy. Each boiler turbine generator combination is referred to as a “unit.”

Fossil fuel generating plants, generally consist of the following components:

Boiler

Turbine

Generator

Various Configurations of Auxiliary Equipment
Fuel Handling

Emissions Control Equipment

7. Material Handling

AN S

In a typical fossil fuel boiler, tubes that contain water, line the inside of the furnace walls.
The fuel that enters the furnace is ignited and burned. The burning fuel releases thermal
energy, which is absorbed by the water in the tubes. As the temperature of the water rises,
the water begins to boil, and steam is produced. The steam is piped from the boiler to the
steam turbine.

The steam turbine is comprised of blades attached to a rotating shaft. Steam turbines have
both stationary and rotating blades. As the high-pressure steam passes through the turbine
blades, the pressure and thermal energy of the steam is converted to mechanical energy,
causing the rotating set of blades to move, thus rotating the shaft of the turbine. The steam
turbine shaft is coupled to the shaft of the electrical generator. The generator converts
mechanical energy into electric energy.

2-1




it

e

Sk

T

¥ L W

-

|
-

’ﬂiw.
‘ A
IR wwy -y
7 =4

i

Inte
P

o

state 1:29
o

—

.
P

R

-l aniindd /_,40. v

P

s

P

iﬁufu.,..ﬁ_..
& " b ~5

~1

2

igure

F
t4 Fac

ty Map

MidAmerican CBEC Un

Vicin

8000 12000 Feet

4000

0




. Steam
® L

Edectricity Walat @ smﬂ
1o  Haaters @
Bolier SCR @
o P U=
Air
Burmar!
ot | Combustion \/]\/]\/ s
Fued Pimay  Fored oy
Ar . Dumft
Fan Fan
Water
to Boler
o 0

Ceal
Pulverization Supply

FIGURE 2-2
General Process Flow Diagram for CBEC Unit 4

After the steam passes through the turbine, it flows into the condenser. In the condenser, the
steam is cooled and condensed back into water. The water is then pumped back to the boiler
through a series of low-pressure condensate heaters, a deaerator, and several high-pressure
feedwater heaters, and the cycle begins again. The heaters increase the efficiency of the
overall cycle.

The complete loop from the boiler, through the turbine, into the condenser, through the
condensate and feedwater systems, and back to the boiler is called the condensate-
feedwater-steam cycle. All of the components and systems involved in the condensate-
feedwater-steam cycle are generally referred to as one generating unit. Each generating unit
is comprised of several component systems that are either for that one generating unit or are
shared across all units. The major component systems of the existing and proposed addition
to the Council Bluffs Energy Center are as follows:

1. Fuel Handling

2. Generating Units

3. Emissions Control Equipment
4. Material Handling

These systems consist of the following sub-systems. The numbers in brackets refer to the
respective components shown in Figure 2-2:
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Fuel Handling
a. Coal Handling [1,2]
b. Fuel Oil System

C. Natural Gas System
Generating Units

a. Boiler [3]

b. Steam Turbine [8]

c. Boiler Feedwater System [9]

d. Process Cooling Water System [10]

Emissions Control Equipment

Low- NOx Burners {3]

Selective Catalytic Reduction System (Unit 4) [4]
Electrostatic Precipitator (Units 1, 2 and 3) [6]
Fabric Filter (Unit 4) {6]

Flue Gas Desulfurization System (Unit 4) [5]

o anTw

Material Handling

Fly Ash Collection, Transport and Disposal

Bottom Ash Collection, Transport and Disposal

Lime Unloading, Storage and Transport (Unit 4)

Urea Unloading, Storage and Transport (Unit 4)

FGD Waste Collection, Transport and Disposal (Unit 4)

cRO o

The summary description for Unit 4 provided below includes a description of those systems
which contain or affect this facility’s air emissions. Other systems, not containing or
impacting air emissions, or those systems with air emissions deemed insignificant by the
IDNR, are not included in this process description.

2.1.1.1 Proposed Unit 4 Process Description

The proposed primary fuel will be a sub-bituminous coal. Coal will be delivered to the plant
by rail and in trucks. The Unit 4 coal heat input at full load is estimated at 67.23 x 106
MMBTU/yr. Number 2 fuel oil will be used for light off, startup, and flame stabilization.
Fuel oil is stored in the existing aboveground tank, which is located on the plant site and
currently serves Unit 3. No additional oil storage is planned for Unit 4. The total amount of
oil burned per year will be approximately 800,000 gallons/year for both units. Coal and oil
burner configurations and combustion control systems will be designed to provide high
combustion efficiency and to control the production of NOx in the flue gas.

The SO; emissions will be controlled with a lime spray dryer flue gas desulfurization (FGD)
system. Nitrogen oxide emissions will be controlled with low NOx burners (LNBs), overfire
air (OFA) and Selective Catalytic Reduction (SCR). PM1 emissions will be controlled by a
pulse jet fabric filter.

The clean flue gas will go from the fabric filter exit through the induced-draft fans and will
be exhausted through an exhaust stack to the atmosphere. The stack will be 550 feet tall and
will consist of an outer concrete wind shell and an inner flue. A continuous emission
monitoring system {Part 75 CEMS) will be provided to monitor emissions.
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Boiler

The proposed Unit 4 boiler will be an indoor-type supercritical pulverized coal fired boiler
designed for “base load” operation. The unit will have a maximum gross heat input of
approximately 7,675 MMBtu/hr and a nominal net plant electrical output of approximately
750 MW. Unit 4 will generate a main steam pressure of 3,500 to 3,700 psig and will generate
steam at 1,050 to 1,100 °F. The primary fuel for Unit 4 will be Powder River Basin sub-
bituminous coal. Fuel oil (No. 2) will be used as the start-up fuel. The typical fuel
characteristics for Powder River Basin sub-bituminous coal are shown in Table 2-1.

It is anticipated that the Unit 4 boiler will be a dry-bottom, tangentially-fired or wall-fired
(front and rear) boiler with low NOx burners and overfire air ports. Specifications for the
proposed boiler are included in Table 2-2. Flue gas from Unit 4 will pass through a series of
post-combustion emission control devices, described in Section 2.2 of this permit
application, and discharge through one 550-foot stack.

The boiler area will be a totally enclosed design. Burners will be located at various levels
either in the four corners or in the front and back furnace walls. The coal silos will be located
along the boiler front, with an enclosed coal tripper gallery. The principal components of the
boiler will be:

*» membrane wall furnace
s superheater
» reheater
* economizer
e convection pass
e coal feeders
e coal pulverizers
» low NOx burners (LNBs), overfire air ports, fans, and air heater
» induced draft, forced draft and primary air fans
« air preheaters
« boiler wall cleaning/sootblowing system
¢ flues and ducts
e piping and valves
TABLE 2-1
Coal Characteristics
Parameter Unit Proposed Coal
Gross (Higher) Heating Value Btu/ib 8,000
Moisture Wt % 28.8
Volatile Matter. wt % 30.4
Sulfur Content : wt % 0.50
Ash Content wt % 7.00

Maximum Uncontrofled SO2 Emission Rate lb/mmBtu 1.25
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TABLE 2-2
Boiler Parameters

Plant Parameter Unit Estimated Value
Nominal Net Plant Output Net-kw 750,000
Steam Temperature °F 1,050t0 1,100
Main Steam Pressure psig 3,500 to 3,700
Full Load Heat Input to Boiler MMBtu/hr 7,675
Coal Feed Rate Ib/hr 959,406

2.2 Emissions Control Equipment

2.2.1 Flue Gas Desulfurization System

The Unit 4 boiler unit will be equipped with a lime spray dryer flue gas desulfurization
(FGD) system. The FGD system, located upstream from the fabric filter, removes sulfur
dioxide (SO3) from the flue gas stream by use of a lime slurry absorption process. Additional
details on the lime spray dryer FGD process are provided in the BACT analysis section of
this application in Section 6.

The FGD system will be designed to consistently achieve a controlled SO; emission rate of
0.12 ib/mmBtu. Assuming a maximum uncontrolled 5O, emission rate of 1.25 Ib/mmBtu,
this represents an overall removal efficiency of approximately 90%.

Anticipated design and operating parameters for the FGD system are summarized in
Table 2-3.

2.2.2 Selective Catalytic Reduction

Unit 4 will be equipped with a selective catalytic reactor (SCR) to reduce NOx emissions
from the boiler. SCR is the state-of-the-art technology for the reduction of NOx from flue gas
streams. The proposed SCR will be designed for high dust loading applications, and will be
Jocated external from the boiler. Additional details on the SCR process are provided in the
BACT analysis section.

Based on technical information provided by boiler vendors, it is anticipated that NOx
emissions from the boiler (prior to the SCR) can be reduced with low NOx burners and
overfire air to 0.20 Ib/ mmBtu (approximately 143 ppmvd @ 3% O;) while maintaining
acceptable levels of CO and VOC. Assuming a NOx inlet concentration of 143 ppmvd @ 3%
O, the SCR will be designed to reduce the NOx concentration to approximately 57 ppmvd @
3% O, or 0.08 Ib/mmBtu. This represents an overall removal efficiency of approximately
60%.

The anticipated SCR operating parameters are summarized in Table 2-4.
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TABLE 2-3
Flue Gas Desulfurization Qperating Parameters

Estimated Design
Parameter Unit Value Notes
General Description Dry FGD
Number of Scrubber Moedules TBD
Flue Gas Flow Rate acfm 2,961,658 FGD inlet
Flue Gas Temperature (inlet) °F 275~ 300
Pressure Drop Through Scrubber in. HO 8 {typical)
Inlet SOz Concentration lo/mmBtu - 125 Maximum
Outlet SO, Concentration Ib/mmBtu 0.12 Maximum
80; Collection Efficiency % 904 Design based on SO
" concentrations listed
HCI Collection Efficiency % 90+
HF Collection Efficiency % 90+
Calcium to Sulfur Molar Ratio 1.20
Sorbent Feed Rate Ib/hr 11,188 Maximum
Sorbent Analysis CaCO; 0% Typical lime sorbent
: MgCO3 0% analysis
Ca0 90%
Ash 10%
Moisture 0%
FGD Waste Generated (included in Ib/hr 37,897 Maximum
baghouse collected fly ash)
TABLE 2-4
SCR Qperating Parameters
Parameter Unit Estimated Design Value
~ Catalytic Reaction Temperature F 675 -725
Intet Gas Temperature °F 700 -715
Inlet Gas Flow Rate acfm 2,961,658
Reducing Agent Ammonia
Maximum Ammonia Feed Rate Ib/hr 378
NOx Inlet Concentration ppmvd @ 143
3% Oz {0.20 Ib/mmBtu)
NOx Qutlet Concentration ppmvd @ 57
3% O» {0.08 Ib/mmBtu)
NOy, Control Efficiency : % 60
{Based on NOyx concentrations
listed)
Ammonia Slip ppmvd 5 ppm

Catalyst Life years 2-3




2.2.3 Fabric Filter

A fabric filter system (or “baghouse”) will be provided for Unit 4 to remove particulate
matter from the boiler flue gas stream. The fabric filter system will consist of a number of
compartments containing fabric filter bags fitted over a wire cage and suspended from a
horizontal tube sheet in the compartment. Additional details on the baghouse particulate
removal process are provided in the BACT analysis section.

The fabric filter system will be designed to achieve a maximum filterable PM emission rate
of 0.020 Ib/mmBtu with a design collection efficiency of 99.7%. The maximum filterable
PMyp emission rate will be 0.018 Ib/mmBtu. Anticipated fabric filter system parameters are
summarized in Table 2-5.

TABLE 25
Anticipated Fabric Filter Design Paramelers

Parameter Units Estimated Design Value
Flue Gas Flow Rate to Fabric acfm 2,660,982
Filter
Inlet Gas Temperature °F 165
Inlet Total Particulate Loading Ib/hr 63,727
Outlet Total Particulate Loading Ib/mmBtu 0.020
QOutlet Total Particulate Loading Ib/mr 153
Collection Efficiency % 99.7
QOutlet PMyg Loading [b/mmBtu 0.018
Bag Material TBD
Bag Diameter, Length, Number TBD
of Bags
Number of modules and : TBD
compartments per module
Air to Cloth Ratio TBD
Pressure Drop Across Bags in. HzO 5 - 6 (typical)
Cleaning Mechanism and Cycle Pulse-jet

2.3 Coal Handling System

Figure 2-3 presents a schematic flow diagram of the existing and modified Coal Handling
System for CBEC Units 3 and 4.

In order to accommodate the increased coal burn rate due to the new steam generator for
Unit 4, the existing coal handling systems will require upgrading with additions and
modifications.
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2.3.1 Existing Coal Handling System

Coal is received at the station by railcars operated as unit trains and is unloaded into
receiving hoppers at the Rotary Car Dumper. Coal is removed from the receiving hopper at
a rate of 3,500 tons per hour (T/hr) and is discharged onto a 72" wide belt Conveyor C-1.
The coal is conveyed to Transfer House 1 via Conveyors C-1 and C-2. In Transfer House 1,
coal from Conveyor C-2 is transferred to a 72” wide, 3,500 T/hr Stacker/Reclaimer
Conveyor C-3. The Stacker creates two active coal piles, one on each side of the Stacker’s
conveyor, each pile capable of storing 44,000 tons. Coal can also be conveyed to a rail
unloading stock out pile by diverting it to a 72” wide, 3,500 T/hr Conveyor C-7. Mobile
equipment is used to push the coal from the rail unloading stock out pile to the inactive coal
storage pile.

The existing reclaim system incorporates a redundant parallel conveyor system from the
coal yard to the Unit 3 in-plant transfer conveyor bay. Reclaiming coal from the active
storage pile is by means of the Bucket Wheel Reclaimer, which has a reclaim rate of 1,600
T/hr. The Bucket Wheel Reclaim Conveyor C-3 conveys the coal to Transfer House 2 where
the coal is transferred to one of two Conveyors C-4A /B which are 1,600 T/hr, 48" wide
conveyors. Conveyors C-4A /B convey the coal to Transfer House 3, whereby it is then
transferred to Conveyors C-5A/B and on to the Transfer House 4 (Crusher House). The
Crusher House incorporates a surge bin with two vibratory feeders each discharging to a
crusher. The coal is then loaded onto one of two Conveyors (C-6A/B), which are 900 T/hr,
48” wide conveyors. Conveyors C-6A /B convey the coal to the plant’s transfer conveyor bay
and discharges into a transfer hopper. The coal is discharged from the transfer hopper by
means of vibratory feeders onto 450 T/hr Cascade Conveyors C-305/306/307 and 450 T/hr
Transfer Conveyor C-10. Transfer Conveyor C-10 in turn feeds 450 T/hr Cascade Conveyors
C-301/302/303/304. The cascade conveyors feed the seven in-plant coal silos for Unit 3.

Coal can also be reclaimed via an emergency reclaim hopper located near the west end of the
Stacker /Reclaimer Conveyor C-3. Coal is moved to this emergency reclaim hopper by mobile
equipment. The coal is reclaimed at a rate of up to 1,200 T/hr and conveyed to Transfer
House 2 by means of 1200 T/hr, 48" wide Conveyor C-8. Emissions from all enclosed
transfer points in the coal handling system are controlled through bag house fabric filters.

2.3.2 Modifications and Additions to Existing Coal Handling System (Unit 4
addition)

The coal handling modifications and additions associated with the CBEC Unit 4 project will
require upgrading existing conveyors and equipment, modifying existing buildings, and
installing a new emergency reclaim system.

System Description

Figure 2-3 presents a schematic flow diagram of the Coal Handling System. The stock out
system will be utilized without change as will the existing rotary rail car dumper, its
receiving Conveyors C-1 and C-2, which convey the coal from underground to the above
ground Transfer House 1. At Transfer House 1 the coal can be diverted either to the existing
stacker reclaimer Conveyor C-3 or to Conveyor C-7 for stocking out.-During normal '
operation the coal will be deposited in an active storage pile outside via Stacker Reclaimer
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Conveyor C-3 and the Stacker Boom Conveyor. In an emergency, coal will be transferred to

the existing 14,000 tons (approximately 1 unit train) capacity rail unloading stock out pile by
means of Conveyor C-7.

The existing active coal storage pile will be the primary active coal source for Unit 4. The
existing Stacker Reclaimer will remain as the primary coal stack out and reclaim system.

The inactive coal storage capacity will be 999,000 tons to provide a 45-day storage capacity.
The inactive storage pile will incorporate approximately 23-acres of land at a 40 foot height
and will be located to the North of the plant inside the perimeter railroad track.

To reclaim coal from the inactive coal storage pile or the rail unloading stackout pile a new
reclaim hopper will be built on the east end of the coal yard. The existing emergency reclaim
" hopper will remain on the west end of the coal yard for reclaiming coal from that area.
During an emergency, such as an interruption in coal deliveries to the plant, coal from the
inactive pile will be bulldozed to either the east or west reclaim hopper for loading into the
unit silos. A new Conveyor C-11 will convey the coal from the east underground reclaim
hopper to a new above ground Transfer House 5. Conveyor C-11 will discharge onto a new
Conveyor C-12 which will transfer the coal to the existing surge hopper in Transfer House 4.
Conveyor C-8 will convey coal reclaimed from the west underground reclaim hopper to
Transfer House 2. Conveyors C-4A/B will convey the coal from Transfer House 2 to
Transfer House 3 where it will be discharged onto existing conveyors C-5A /B. Conveyors
C-5A/B will discharge the coal into the surge hopper in Transfer House 4.

The Transfer House 4 (Crusher House) 900 T/hr vibratory feeders and 900 T/hr ring
granulators (crushers) will be replaced with 1600 T/hr equipment to accommodate Unit 4.
The new crushers will discharge onto the modified 1600 T/hr Conveyors C-6A /B (currently
900 T/hr), which will convey the coal to the surge hopper located at the transfer conveyor
bay area. Conveyors C-6A /B will be modified to increase capacity from 900 T /hr to 1,600
T/hr. The transfer conveyor bay surge hopper will continue to discharge onto the
unchanged existing Unit 3 cascade and transfer conveyors. The surge hopper will be
modified to allow coal to be fed onto new variable speed belt feeders to supply flow onto
new 900 T/hr Transfer Conveyors C-13A/B. Transfer Conveyors C-13A/B will transfer coal
to new 900 T/hr Tripper Conveyors C-14A /B which will feed new coal silos for Unit 4 Coal
will be distributed to each of the coal silos using traveling trippers.

Dust Control
The coal handling system employs a number of effective mechanisms for minimizing
fugitive dust emissions.

o  All coal transfer buildings are enclosed.

+ Chemical binding will be used to suppress fugitive dust from the inactive coal storage
piles.

» Bag house type dust collection systems are provided for each of the enclosed conveyor
transfers. Dust generated inside new Transfer House 5 will be piped to Transfer House 4
for collection in the existing Transfer House 4 bag house.



« A dust conirol agent is applied to the coal as it is unloaded from the rail cars at the
rotary car unloader. This dust control agent remains effective for approximately ten
days and thus controls dust emissions as the coal is moved to and from the active
storage pile and to the unit coal silos.

» The coal stock out pile conveyors incorporate a telescopic chute to control the fugitive
emissions during stock out operation.

» The stacker incorporates level probes on the stacker chute to maintain a set distance
from the stock out pile and control fugitive emissions during stock out operation.

2.4 Material Handling

2.4.1 Scrubber Additive (Lime) Handling System

The spray dryer FGD system utilizes lime to remove SO from the flue gas and therefore
requires a lime handling system, which receives, stores and processes crushed lime.

A combination filter/separator will pneumatically remove lime from a totally enclosed, 100-
ton railcar by means of a negative pressure system. The combination filter/separator will
separate lime from the conveying air, performing the function of a cyclone separator and
baghouse in one vessel.

The lime will then be discharged from the filter/separator into a transfer hopper and then
into a positive pressure conveyance pipe to be transferred to the lime storage silo.

A day bin with a 24-hour capacity will be located in the lime processing building to supply

lime to the conditioning equipment. The day bin level will be maintained by pneumatically

transferring the lime from the storage silo to a transfer hopper, which then discharges into a
conveyance pipe and conveys the lime using positive pressure to the day bin.

In addition to rail delivery, lime can also be provided by truck and trailer. The trailers are
totally enclosed, over the road, 20-ton capacity trailers. The truck will park next to the lime
preparation building, and connect a rubber conveyance hose to the truck and to a fixed
conveyance pipe for the day bin. The truck will use its own compressor system to
prneumatically offload the lime to the day bin. While filling the day bin an exhaust filter on
top of the day bin filters the displaced air.

To control emissions generated from the lime, the system is equipped with a dust collection
system at the railcar unloading area as well as the utilization of bin vent filters on the
storage silo, and day bin.

2.4.2 Urea Unloading/Storage System

Ammonia that is needed for the Selective Catalytic Reduction System (SCR) will be
generated from dry urea at Council Bluffs Unit 4. Dry urea is a stable, non-volatile,
environmentally benign material. It is solid under ambient temperatures and pressures and
is typically used as a fertilizer. Urea can be safely transported in bulk and stored for long
periods of time until it is converted into ammonia. The urea used for the generation of
ammonia will be delivered by truck or rail and stored in two vertical dry urea storage silos.
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Each storage silo will be equipped with a bin vent filter for dust control. One pound of dry
urea will produce approximately 0.56 pounds of ammonia.

The ammonia generation process using dry urea as feedstock consists of an unloading
facility, storage silos, dissolving/mixer vessel, urea-water solution pumps and preheater, a
hydrolyzer with process heater and sparger. The storage silos will be designed to receive
urea in a pill or granular form. Dry urea is dissolved in hot water (Station-supplied
condensate/demineralized water) to form an aqueous solution. To improve the solution
quality and reduce dissolving time, a mixer is located in the dissolver. The urea solution is
fed via pumnps to a preheater and then to a hydrolyzer. To maintain the temperature and
pressure at a constant level, station-supplied steam (saturated or superheated) is injected
and distributed through the hydrolyzer to carry out the ammonia generation process. The
process produces a gaseous mixture of ammonia gas, carbon dioxide and water. The process
requires no storage of ammonia.

2.4.3 Fly Ash and FGD Waste Handling System (Unit 4)
Figure 2-4 presents a schematic flow diagram of the flyash/FGD waste handling system.

Flyash and spray dryer FGD waste entrained in the hot boiler flue gas will be removed from
the flue gas using a pulse-jet baghouse. Ash will also be collected from other various
locations throughout the flue gas system by means of ash hoppers located beneath the
collection locations where the flue gas becomes stagnate. The flyash/FGD waste handling
system will be comprised of an independent pneumatic conveyance and storage system.
Economizer ash will be collected and discharged into the bottom ash water filled collection
trough either by drag chain conveyor or sluice jet water conveyance.

The pulse-jet baghouse will be incorporated into the dry FGD collection system with each
row of hoppers having its own conveyance header. All flyash/FGD waste will be collected

and stored in a FGD waste storage silo, where it will be stored and transferred to an offsite
disposal landfill.

Flyash/FGD waste will be transported through vacuum conveyance lines to the filter
separators located on top of the storage silo. The filter separators will discharge the collected
fly ash/FGD waste into transfer hoppers and then directly into the silo. The filter separators
will be designed with sufficient bag filtering capacity to control emissions, along with a bin
ventilation filter, which will be responsible for filtering the displaced silo air. Electric motor-
driven vacuum exhausters will provide conveying air for the system. The discharge
conditioning devices under the silo will be a water and ash mixer (pin mixer) to condition
the fly ash/FGD waste prior to loading onto trucks for haulage to the disposal location.

The storage silo will have a nominal storage capacity of 4 days accumulation. The bottom of
the storage silo will be equipped with a complete fluidizing air system including a porous
fluidizing media, which will receive air from air blowers, an electric air heater, an inlet filter
silencer, etc. '

The system will employ several redundant features to ensure dependable operation. A spare
filter separator and a spare conveying vacuum exhauster will be provided for the fly ash/
FGD waste handling system. The silo fluidizing system will include a spare blower.
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2.4.4 Bottom Ash Handling System

Furnace ash from the steam generator furnace collects in the water filled trough of the
submerged scraper conveyor (S5C) and will be removed on a continuous basis. Seal plates
secured to the steam generator tubes and suspended in the SSC trough form the furnace
water seal. The ash thus collected will be dragged along the conveyor and will be dewatered
on its traverse up an incline before being discharged into a transfer chute.

The transfer chute equipped with a diverter gate in the chute will normally direct ash to the
grizzly and accompanying crusher, transfer conveyor and to the bottomn ash storage area. In
an emergency, the gate will direct ash onto the boilerhouse floor. Water liberated by wet ash
in each transfer conveyor and bottom ash storage area will be collected in a sump pit and
pumped or gravity drained into a surge tank.

Mill rejects from the coal mill reject hoppers will be conveyed by hydro-ejectors to the SSC
trough. A sluice pump will provide the water supply to the hydro-ejectors. The mill rejects
will combine with the furnace ash and will be conveyed to a bottom ash storage area as
described above.

The Economizer ash will also be combined with the bottom ash and will be conveyed to a
bottom ash storage area as described above.

The bottom ash storage area is essentially a concrete floor with cinder block or concrete
walls on three sides. Material from the bottom ash storage area will be loaded into trucks
and hauled to disposal.
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SECTION 3.0

Emissions Summary

The Unit 4 emission estimates include the Unit 4 boiler, auxiliary boiler, emergency diesel
generator, fire pump, cooling tower and material handling sources. Unit 4 has material
handling operations for coal, flyash, lime, urea, and FGD waste and ash disposal. Detailed
emission estimates are provided in Appendix F.

The major air emission sources and regulated air pollutants for Unit 4 are shown in Table
3-1. IDNR Emission Source forms for Unit 4 are attached in Appendix A as is Form MI-1
which shows the locations of all of the emission points.

TABLE 31
Unit 4 —Air Emission Sources and Regulated Air Pollutants
Source Number Emission Point Regulated Air Pollutants
EP-141 Main Boiler — Unit 4 Stack 50z, NO,, PM, PM,g, CO, VOC,
Lead, H:S0,, HF, TRS, RSC, HAPs
EP-142 Auxiliary Boiler for Unit 4 S02, NOx, PM, PM;g, CO, VOC, and
Lead
EP-143 Emergency Generator for Unit 4 S0z, NOy, PM, PMyg, CO, and VOC
EP-144 Fire Pump for Unit 4 SQs, NOy, PM, PMyg, CO, and VOC
EP-145 Unit 4 Cooling Tower PM, PMio
EP-159 Coal Handling — Transfer Conveyor Bay PM, PMyg
EP-160 Coal Handling — Unit 4 East Silos PM, PMo
EP-161 Coal Handling - Unit 4 West Silos PM, PMyo
EP-6* Coal Handling — Rotary Car Dumper PM, PMyo
EP-13* Coal Handling — Transfer House 4 PM, PMyo
EP-167 Flyash/FGD Waste Handling — FGD Waste Siio PM, PMio
EP-168 Flyash/FGD Waste Handling — Vacuum System PM, PMio
Exhauster #1 .
EP-169 Flyash/FGD Waste Handling — Vacuum System PM, PMio
Exhauster #2
EP-170 Flyash/yFGD Waste Handling - Vacuum System PM, PMp
Exhauster #3
EP-162 Lime Handling — Lime Filter Separator PM, PMg
EP-163 Lime Handling — Lime Silo PM, PMyo
EP-164A Urea Handling — Urea Silo #1 PM, PMyo
EP-164B Urea Handiing — Urea Silo #2 PM, PMyp
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TABLE 3-1

Unit 4—Air Emission Sources and Regulated Air Poflutants

Source Number

Emission Point

Regulated Air Pollutants

F-5A*

F-58*

F-4A*

F-48*

F-151B

F-151A

F-151C

F-904

Coal Handling - Wind Erosion Inactive Coal Storage
Pile

Coal Handling — Maintenance Inactive Coal Storage
Pile

Coat Handling —~ Wind Erosion Aclive Coal Storage
Pile

Coal Handling — Maintenance Active Coal Storage
Pile

Coal Handling — Wind Erosion Rail Unloading Coal
Stockout Pile

Coal Handling — Fugitives from transfer of coal from
Conveyor C-11 to Rail Unloading Coal Stockout Pile

Coal Handling — Fugitives frorn dumping of coal into
the Emergency Reclaim Hopper

Unit 4 Paved Haul Roads — Flyash/FGD Waste to
Offsite Landfill

PM, PMyo
PM, PMio
PM, PMio
PM, PM;e
PM, PMso
PM, PMyo
PM, PMio

PM, PMio

*Existing Sources that will be modified with the addition of Unit 4.

3.1 Unit 4 Boiler Criteria Emissions

The estimated hourly, daily, and annual controlled emission rates of criteria pollutants from
EP 141, the Unit 4 stack, are shown in Table 3-2. The emissions are based on a 100% capacity

factor.
TABLE 3-2
Unit 4 Boiler Criteria Emissions
PSD
Significant
Hourly Daily Annual Emission
Emissions Emissions Emissions Rates Emission Factor
Pollutant (Ibs/hr) {Ibs/day) (tpy) (tpy) Reference
Suifur Dioxide 921.0 22,104.0 4,034 40 Engineering Estimates
Nitrogen Oxides 614.0 14,736.0 2,689 40 Engineering Estimates
Total Particulate Matter 153.5 3,684.0 672 25 Engineering Estimates
Particulate Matter PMyo 138.2 3316.8 605 15 Engineering Estimates
{filterable)
Particulate Matier PMyo 195.1 4682.4 854 15 Engineering Estimates
(filterable & condensible)
Carbon Monoxide 1,179.4 28,305.6 5,166 100 Engineering Estimates
VOCs 28.8 691.2 126 40 AP-42 Table 1.1-19
Lead 0.20 4.80 0.88 0.6 AP-42 Table 1.1-18
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TABLE 3-2
Unit 4 Boiler Criteria Emissions

PSD
Significant
Hourly Daily Annual Emission
Emissions Emissions Emissions Rates Emission Factor
Pollutant {Ibs/hr) (Ibs/day} (tpy) {tpy) Reference
Sulfuric Acid Mist 32.3 775.2 142 7 Engineering Estimates
Fluorides {as HF) 5.1 122.4 22 3 Engineering Estimates
Total Reduced Sulfur 6.8 163.2 30 10 | AP-42 Table 1.1-3 {b)
Reduced Sulfur 6.8 1632 30 10 AP-42 Table 1.1-3 (b)

Compounds

3.2 Unit 4 Boiler Hazardous Air Pollutant Emissions

The estimated hourly and annual controlled emission rates of Trace Metal HAPs, Organic
HAPs and Acid Gas HAPs for EP 141, the Unit 4 stack, are shown in Table 3-3, Table 3-4 and
Table 3-5. Section 6.3 of the Control Technology Analysis provides additional information
on emission estimates and control levels for the Section 112 Hazardous Air Pollutants.

TABLE 3-3
Unit 4 Boiler Trace Metal HAPs

Controlled Controlled

Emissions Emissions
Pollutant {ibfhr} (tons/yr) Emission Factor Reference

Antimony 8.63E-03 0.038 AP-42 Table 1.1-18, (8/1998)

Arsenic 1.97E-1 0.861 AP-42 Table 1.1-18, (9/1998)

Beryllium 1.01E-02 0.044 AP-42 Table 1.1-18, {3/1998)

Cadmium 2.45E-02 0.107 AP-42 Table 1.1-18, (9/1998)

Chromium 1.25E-01 0.546 AP-42 Table 1.1-18, (9/1998)

Cobalt 4.80E-02 0.210 AP-42 Table 1.1-18, (9/1998)

Lead 2.01E-1 0.882 AP-42 Table 1.1-18, (9/1998)

Manganese 2.35E-01 1.030 AP-42 Table 1.1-18, (8/1998)

Mercury 3.85E-02 0.169 Engineering calculations based on CBEC
coal mercury analysis and estimated
control efficiency.

Nickel 1.24E-01 0.542 AP-42 Table 1.1-18, (9/1998)

Selenium 6.24E-01 2.731 AP-42 Table 1.1-18, (9/1998)

Total Trace Metal HAPs 7.161 tpy
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TABLE 34
Linit 4 Boiler Organic HAPs

Controlled  Controlled
Emissions Emissions
Pollutant (Ib/hr) {tons/yr) Emission Factor Reference
Acenaphthene 2.45E-04 0.001 AP-42 Table 1.1-13, (9/1998)
Acenaphthylene 1.20E-04 0.001 AP-42 Table 1.1-13, (9/1998)
Acetaldehyde 2.73E-01 1.198 AP-42 Table 1.1-14, (9/1998)
Acetophenone 7.20E-03 0.032 AP-42 Table 1.1-14, (9/1998)
Acrolein 1.39E-01 0.609 AP-42 Table 1.1-14, (9/1998)
Anthracene 1.01E-04 0.000 AP-42 Table 1.1-13, (9/1998)
Benzene 6.24E-01 2.731 AP-42 Table 1.1-14, (8/1998)
Benzo(ajanthracene 3.84E-05 0.000 AP-42 Table 1.1-13, {9/1998)
Benzo(a)pyrene 1.B2E-05 0.000 AP-42 Table 1.1-13, {8/1998)
Benzo(b.jk)fluoranthene 5.28E-05 0.000 AP-42 Table 1.1-13, (9/1998)
Benzo(g,h,i)perylene 1.30E-05 0.000 AP-42 Table 1.1-13, {(9/1998)
Benzyl chloride 3.36E-01 1.471% AP-42 Table 1.1-14, (9/1998)
Biphenyl 8.15E-04 0.004 AP-42 Table 1.1-13, (9/1998)
Bis(2-ethyihexyl)phthalate (DEHP) 3.50E-02 0.153 AP-42 Table 1.1-14, (9/1998)
Bromoform 1.87E-02 0.082  AP-42 Table 1.1-14, (9/1998)
Carbon disulfide 6.24E-02 0.273 AP-42 Table 1.1-14, (9/1998)
2-Chloroacetophenone 3.36E-03 0.015 AP-42 Table 1.1-14, (9/1998)
Chlorobenzene 1.06E-02 0.046 AP-42 Table 1.1-14, (9/1998)
Chiloroform 2.83E-02 0.124 AP-42 Table 1.1-14, (9/1998)
Chrysene 4.80E-05 0.000 AP-42 Table 1.1-13, (9/1998)
Cumene 2.54E-03 0.011 AP-42 Table 1.1-14, (9/1998)
Cyanide 1.20E+00 5.253 AP-42 Table 1.1-14, (9/1998)
2,4-Dinitrotoluene 1.34E-04 0.001 AP-42 Table 1.1-14, (8/1998)
Dimethyl sulfate 2.30E-02 0.101 AP-42 Table 1.1-14, (9/1998)
Ethyl benzene 4 51E-02 0.198 AP-42 Table 1.1-14, (9/1998)
Ethyt chioride 2.01E-02 0.088 AP-42 Table 1.1-14, (9/1998)
Ethytene dichloride 1.92E-02 0.084 AP-42 Table 1.1-14, (9/1998)
Ethylene dibromide 5.76E-04 0.003 AP-42 Table 1.1-14, (9/1998)
Fluoranthene 3.41E-04 0.001 AP-42 Table 1.1-13, (9/1998)
Fluorene 4.37€-04 0.002 AP-42 Table 1.1-13, (9/1998)
Formaldehyde 1.15E-01 0.504 AP-42 Table 1.1-14, (9/1998)



TABLE 34

Unit 4 Boiler Organic HAPs
Controlled  Controlled
Emissions Emissions
Pollutant {ib/hr) (tons/fyr) Emission Factor Reference

Hexane 3.21E-02 0.141 AP-42 Table 1.1-14, (9/1998)
Indeno(1,2,3-cd)pyrene 2.93E-05 0.000 AP-42 Table 1.1-13, (9/1998)
Isophorone 2.78E-01 1.219 AP-42 Table 1.1-14, (9/1998)
Methy! bromide 7.68E-02 0.336 AP-42 Table 1.1-14, (9/1998)
Methy! chloride 2.42E-01 1.114 AP-42 Table 1.1-14, {9/1998)
5-Methyl chrysene 1.06E-05 0.000 AP-42 Table 1.1-13, (9/1998)
Methyl ethyl ketone 1.87E-01 0.819 AP-42 Table 1.1-14, (9/1998}
Methyl hydrazine 8.15E-02 0.357 AP-42 Table 1.1-14, (9/1998)
Methyl methacrylate 9.59E-03 0.042 AP-42 Table 1.1-14, (9/1998)
Methyl tert butyl ether 1.68E-02 0.074 AP-42 Table 1.1-14, (9/1998)
Methylene chloride 1.38E-01 0.609 AP-42 Table 1.1-14, (8/1298)
Naphthalene 6.24E-03 0.027 AP-42 Table 1.1-13, (9/1998)
Phenanthrene 1.30E-03 0.006 AP-42 Table 1.1-13, (9/1998)
Phenol 7.68E-03 0.034 AP-42 Table 1.1-14, (9/1998)
Propionaldehyde 1.82E-01 0798  AP-42 Table 1.1-14, (9/1998)
Pyrene 1.58E-04 0.001 AP-42 Table 1.1-13, (9/1998)
Tetrachloroethylene 2.06E-02 0.090 AP-42 Table 1.1-14, {9/1998}
Toluene ' 1.15E-01 0.504 AP-42 Table 1.1-14, (9/1998)
1,1,1-Trichforoethane 9.59E-03 0.042 AP-42 Table 1.1-14, (9/1998)
Styrene 1.20E-02 0.053 AP-42 Table 1.1-14, (9/1998)
Kylenes 1.77E-02 0.078 AP-42 Table 1.1-14, (9/1998)
Vinyl acetate 3.65E-03 0.016 AP-42 Table 1.1-14, (9/1998)
Total PCDD/PCDF 1.17E-04 0.001 AP-42 Table 1.1-12, (9/1998)

Total Organic HAPs 19.346 tpy




TABLE 3-5
Unit 4 Boiler Acid Gas HAPs

Controiled Controlled
Emissions Emissions
Pollutant : (ib/hr) : ({tons/yr) Emission Factor Reference
Hydrogen Chloride 13.67 59.87 Engineering estimates
Hydrogen Fluoride 5.06 22.15 Engineering estimates
Total Acid Gas HAPs 82.03 tpy

3.3 Unit 4 Cooling Tower

The estimated hourly, daily, and annual controlled particulate emission rates from EP 145,
the Unit 4 Cooling Tower, are shown in Table 3-6. Emissions are based on a 100% capacity
factor.

TABLE 3-6
Unit 4 Cooling Tower Particulate Emissions
Hourly Daily Annual
Emissions  Emissions Emissions
Pollutant {Ibs/hr) {Ibs/day) (tpy) Emission Factor Reference
Total Particulate Matter 6.4 154.2 28.1 Engineering Estimates
Particulate Matter P 1.3 308 56 Engineering Estimates

3.4 Unit 4 Auxiliary Boiler

The estimated hourly, daily, and annual controlled emission rates of criteria pollutants from
EP 142, the Unit 4 Auxiliary Boiler, are shown in Table 3-7. The emissions are based on 2,500
hours of operation per year on Fuel Oil No. 2.

TABLE 3-7
Unit 4 Auxiliary Boiler Emissions
' Hourly Daily Annual
Emissions Emissions Emissions
Poliutamt ({bs/hr) {(ibsiday) (tpy) Emission Factor Reference

Sulfur Dioxide - 7.2 170.88 8.65 AP-42 Tables 1.3-1 - 1.3-7
Nitrogen Oxides 20.06 481.44 24.36 AP-42 Tables 1.3-1 - 1.3-7
Particulate Matter PMig 2.01 48.24 2.44 AP-42 Tables 1.3-1 - 1.3-7
Carbon Monoxide 5.01 120.24 6.09 AP-42 Tables 1.3-1 - 1.3-7
VOCs ' 0.34 8.16 0.41 AP-42 Tables 1.3-1 - 1.3-7
Lead 8.32E-03 0.20 1.01E-02 AP-42 Tables 1.3-1 — 1.3-7




3.5 Unit 4 Emergency Generator

The estimated hourly, daily, and annual controlled emission rates of criteria pollutants from
EP 143, the Unit 4 Emergency Generator, are shown in Table 3-8. The emissions are based on
500 hours of operation per year on diesel fuel.

TABLE 3-8
Unit 4 Emergency Generator Emissions
Hourly Daily Annuat
Emissions Emissions Emissions
Pollutant (ths/hr) (Ibs/day) {tpy) Emission Factor Reference

Sulfur Dioxide 0.54 13.01 0.14 AP-42 Section 3.4

Nitrogen Oxides 32.18 772.42 8.05 AP-42 Section 3.4

Particulate Matter PM1o 0.94 22.54 0.24 AP-42 Section 3.4

Carbon Monoxide 7.38 177.02 1.84 AP-42 Section 3.4

VOCs 0.86 20.64 0.22 AP-42 Section 3.4

3.6 Unit 4 Fire Pump

The estimated hourly, daily, and annual controlled emission rates of criteria pollutants from
EP 144, the Unit 4 Fire Pump, are shown in Table 3-9. The emissions are based on 500 hours
of operation per year on diesel fuel.

TABLE 39
Unit 4 Fire Pump Emissions
Hourly Daily Annual
Emissions Emissions Emissions
Pollutant (Ibs/hr) (Ibs/day) (tpy) Emission Factor Reference

Sulfur Dioxide 0.53 12.60 0.13 AP-42 Section 3.3

Nitrogen Oxides 7.75 186.00 1.94 AP-42 Section 3.3

Particulate Matter PMyg 0.55 13.20 0.14 AP-42 Section 3.3

Carbon Monoxide 1.68 40.20 0.42 AP-42 Section 3.3

VQOCs 0.63 15.00 0.16 AP-42 Section 3.3

3.7 Unit 4 Coal Handling

The estimated hourly, daily, and annual controlled particulate emission rates from the

Unit 4 Coal Handling System are shown in Table 3-10, Table 3-11, Table 3-12 and Table 3-13.
The tables summarize particulate emissions; details on each emission point can be found in
Appendix F ~ Emission Calculations. The emission sources include fugitives from the coal
pile and coal handling system, and coal handling bag filter emissions from both new and
modified equipment.

37



TABLE 3-10
Unit 4 Coal Pile — Fugitives

Maximum Maximum
Hourly Daily Annual
Emissions Emissions Emissions
Poliutant (Ibs/hr) (lbs/day) (tpy) Emission Factor Reference
Total Particulate Matter % 122.64 22.39 AP-42 and Engineering Estimates
Particulate Matter PMyo 1.10 26.40 4.81 AP-42 and Engineering Estimates

Total wind erosion and maintenance fugitives from Unit 4 portion of active and inactive coal piles.
Includes emission points F-5A, F-5B, F-4A, F-4B and F-151B.

TABLE 3-11
Unit 4 Coal Handling - Fugitives
Maximum Maximum
Hourly Daily Annual
_Emissions  Emissions Emissions
Poltutant (Ibs/hr) (Ibs/day) {tpy) Emission Factor Reference

Total Paniculate Matier 2.35 56.30 10.27 AP-42 and Engineering Estimates
Particulate Matter PM;, 1.11 26.62 - 488 AP-42 and Engineering Estimates

includes emission points F-151A (Conveyor C-11 to Stockout Pile} and F-151C {Dumping coal to Emergency
Reclaim Hopper).

TABLE 3-12
Unit 4 Goal Handiing Syster — New Sources

Maximum Maximum

Hourly Daily Annual
Emissions Emissions Emissions
Pollutant (Ibs/hr) (Ibs/day) (tpy) Emission Factor Reference

Total Particulate Matter 6.90 165.60 30.25 Bag Filter Grain Loading Method
Particulate Matter Py, 6.22 149.28 27.22 Bag Filter Grain Loading Method

Includes emission points EP-159 (Transfer Conveyor Bay), EP-160 {Unit 4 East Silos) and EP-161 (Unit 4 West
Silos).

TABLE 3-13
Unit 4 Coal Handling System — Modified Sources

Maximum Maximum

Hourly Daily Annual
Emissions  Emissions Emissions
Pollutant (Ibs/hr) (Ibs/day} (tpy) Emission Factor Reference

Total Particulate Matter 15.19 364.56 66.55 Bag Filter Grain Leading Methed
Particulate Matter PMio 13.68 328.32 59.90 Bag Filter Grain Loading Method

Includes modified existing emission points EP-6A/7A (Rotary Car Dumper) and EP-13 (Transfer House 4).



3.8 Unit 4 Flyash/FGD Waste Handling and Hauling

The estimated hourly, daily, and annual controlled particulate emission rates from the

Unit 4 Flyash/FGD Waste Handling System are shown in Table 3-14. The estimated hourly,
daily, and annual controlled fugitive particulate emission rates from hauling flyash and
FGD waste to the offsite landfill is shown in Table 3-15. Flyash and FGD waste are a
combined product that is collected in the fabric filter hoppers following the Lime Spray
Dryer FGD System.

TABLE 3-14 -
Unit 4 Flyash/FGD Waste Handling System

Maximum Maximum

Hourly Daily Annual
Emissions  Emissions Emissions
Pollutant {lbs/hr) (ibs/day) {tpy) Emission Factor Reference
Total Particulate Matter 1.15 27.860 5.08 Bag Filter and Filter Separator
Grain Loading Method
Particulate Matter Piyo 1.03 24.72 458 Bag Filter and Filter Separator
Grain Loading Method

Includes emission points EP-167 (Unit 4 Flyash/FGD Waste Sifo), EP-168, EP-163 and EP-170 (Unit 4
Flyash/FGD Waste Vacuum System Exhauster #1, #2 and #3).

TABLE 3-15
Unit 4 Flyash/FGD Waste Haul Road

Maximum Maximum

Hourly Daily Annual
Emissions Emissions Emissions
Pollutant {Ibs/hr) (Ibs/day) tpy) Emission Factor Reference

Total Particulate Matter 8.78 87.80 2243 AP-42 and Engineering Estimates
Particulate Matter PMio 1.71 17.10 4.38 AP-42 and Engineering Estimates

Estimated fugitive emissions (F-804) for hauling Unit 4 fiyash/FGD waste to offsite landfill on paved road.
Daily emissions based on 10 hours of hauling per day.

3.9 Unit 4 Lime Handling

The estimated hourly, daily, and annual controlled particulate emission rates from the
Unit 4 Lime Handling System are shown in Table 3-16. The lime is used as a reagent in the
Lime Spray Dryer FGD System.
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TABLE 3-16
Unit 4 Lime Handling System

Maximum Maximum
Hourly Daily Annual
Emissions  Emissions Emissions
Pollutant {Ibs/hr) (Ibs/day) ~ {tpy) "~ Emission Factor Reference
Total Particulate Matter 0.43 10.32 1.88 Bag Filter and Filter Separator
Grain Loading Method
Particulate Matter PMig 0.38 9.12 1.70 Bag Filter and Filter Separator

Grain Loading Method

Includes emission points EP-162 (Lime Filter Separator) and EP-163 {Lime Silo)

3.10 Unit 4 Urea Handling System

The estimated hourly, daily, and annual controlled particulate emission rates from the
Unit 4 Urea Handling System are shown in Table 3-17. Urea is used to generate ammonia
for the SCR System.

TABLE 3-17
Unit 4 Urea Handling System

Maximum Maximum

Hourly Daily Annual
Emissions  Emissions Emissions
Poltutant (Ibs/hr) {Ibs/day)} (tpy) Emission Factor Reference

Total Particulate Matter 0.18 4.32 0.76 Bag Filter Grain Loading Method
Particulate Matter PM;o 0.16 3.84 0.68 Bag Filter Grain Loading Method

Includes emission points EP164A and EP164B (Urea Silos #1 and #2).
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SECTION 4.0 '

Requested Permit Limits

This section presents the permit limits requested in this permit application.

4.1 Potential to Emit for Unit 4

The emission increases for the Unit 4 project are based on the potential to emit of new
Unit 4, its ancillary equipment (mainly the auxiliary boiler and ash handling systems), and
the new and modified coal handling sources. This section describes the procedure used to
determine the potential to emit (PTE) for the proposed Unit 4 project.

4.1.1 Rationale for Determining Unit 4 Potential to Emit

The PTE values for Unit 4 use assumptions on what a newly constructed Unit 4 could

achieve through the application of applicable NSPS and BACT for each pollutant under
consideration. This includes the following assumptions:

# Fuel and Unit Size

- A maximum boiler heat input of 7,675 mmBtu/hr.
- A unit annual capacity factor of 100 percent.

- A coal sulfur content of 0.5 percent.

- A coal heating value of 8,000 Btu/1b.

s SO

- The use of a lime spray dryer flue gas desulfurization system with an emission rate of
0.12 Ib/MMBtu.

e NOx

- The addition of LNBs, OFA and SCR control.

- A design SCR control efficiency of 60 percent.

e Total PM and PMy

- The use of a fabric filter baghouse with a design PM control efficiency of 99.7 percent.
« CO

- The use of good combustion controls to limit CO emissions.

s VOC

- The use of good combustion controls to limit VOC emissions.
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e Lead
- The use of a fabric filter baghouse with a design PM control efficiency of 99.7 percent.

e Sulfuric Acid Mist, Hydrogen Fluoride, Total Reduced Sulfur, and Reduced Sulfur
Compounds

- The use of a lime spray dryer FGD system.

4.1.2 Summary of Unit 4 Potential to Emit

A summary of the post-project potential to emit for Unit 4 is shown in Table 4-4. These
emission rates are the maximum expected emission rates based on continuous operation of
the new unit. These maximum hourly emission rates were the basis for Unit 4 modeling and
analysis of air quality-related values (AQRVs). Additional information on CBEC plant
emissions is contained in Appendix F.

4.2 PSD Permitting Applicability

The addition of the proposed Unit 4 is a major modification to an existing major stationary
source. The pollutants subject to the PSD program and their significance levels are listed in
Table 4-4. As shown in Table 4-4, the PTE for all criteria pollutants exceed the applicable
significance levels for the proposed Unit 4 addition. Thus, PSD review is applicable to all
criteria pollutants. Section 5 provides detailed information on applicable regulations.

The basic PSD permitting requirements that must be met for a major modification include:

Application of BACT

Performance of an ambient air quality impacts analysis (dispersion modeling)
Analysis of impacts to soils, vegetation, and visibility

Analysis of Class I area impacts

Section 6 of this application contains the BACT and MACT analysis. Section 7 contains the
visibility and other impacts analysis.

4.3 Requested Emission Rate Limits

4.3.1 Unit 4 Emission Rates

Based on the results of the BACT analysis and Class II dispersion modeling, MEC requests
the following emission rate limits for the proposed Unit 4.

$0:: 0.12 Ib/mmBtu heat input based on a 30-day rolling average as determined by the
arithmetic average of all hourly emission rates for the 30 successive boiler operating days,
except during period of startup, shutdown, maintenance /planned outage, or malfunction.

NOx: 0.08 Ib/mmBtu heat input based on a 30-day rolling average as determined by the
arithmetic average of all hourly emission rates for the 30 successive boiler operating days,
except during period of startup, shutdown, maintenance/planned outage, or malfunction.
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Total PM: 0.020 Ib/mmBtu heat input based on a 3-hour rolling average, except during
periods of startup, shutdown, maintenance/planned outage, or malfunction.

PM;, (filterable): 0.018 Ib/mmBtu heat input based on a 3-hour rolling average, except during
periods of startup, shutdown, maintenance/planned outage, or malfunction.

CO: 0.16 Ib/mmBtu heat input, except during periods of startup, shutdown,
maintenance/planned outage, or malfunction.

VOC: 0.0036 Ib/mmBtu heat input, except during periods of startup, shutdown,
maintenance/planned outage, or malfunction.

4.3.2 Controlled Coal Handling Sources Emission Rate

MEC requests the following limits for new or modified coal handling equipment that is part
of the Unit 4 project.

Emissions from the coal handling sources listed in Table 4-1 below shall be vented to a
baghouse. Emissions from the baghouses shall be limited to 0.01 gr/dscf, and visible
emissions from the baghouse vents shall not exceed 10% opacity.

TABLE 4-1
Coal Handlfing Sources
Emission Point Description
159 (new) Transfer Conveyor Bay
160 (new) Unit 4 East Coal Silos
161 (new) Unit 4 West Coal Silos
6/7 (modified) Rotary Car Dumper
13 (modified) Transfer House 4

4.3.3 Controlled Material Handling Sources Emission Rate
MEC requests the following limits for new material handling equipment that is part of the
Unit 4 project. :

Emissions from the material handling sources listed in Table 4-2 below shall be vented to a
baghouse. Emissions from the baghouses shall be limited to 0.01 or 0.02 gr/dscf (see Table),
and visible emissions from the baghouse vents shall not exceed 10% opacity.
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TABLE §-2
Material Handling Sources

Emission Point Description Emission Rate
(gridsct)

162 Lime Filtter Separator 0.01

163 Lime Silo 0.02

164A Urea Silo #1 0.02

164B Urea Silo #2 0.02

167 Flyash/FGD Waste Silo 0.02

168 Flyash/FGD Waste 0.01 ¢
Vacuum Exhauster #1

169 Flyash/FGD Waste 0.01
Vacuum Exhauster #2

170 Flyash/FGD Waste 0.01
Vacuum Exhauster #3

4.3.4 Fugitive Dust Sources

MEC requests the following requirements for new or modified fugitive dust sources that are
part of the Unit 4 project.

Plant roads used for hauling ash and sludge shall be controlled by the periodic use of a
street sweeper. Visible emissions from roads shall not exceed 20% opacity as a 3 minute
average. In addition, the ash and sludge trucks shall either be covered with a tarp or
enclosed.

Fugitive emissions from the coal handling sources and coal storage piles shall be reduced by
application of a chemical dust suppressant. Visible fugitive emissions from these sources
shall not exceed 20% opacity as a 6-minute average.

4.3.5 Operating Hour Restrictions

MEC requests the following operating hour limits for the auxiliary fuel burmng equipment
listed in Table 4-3 that is part of the Unit 4 project.

TABLE 4-3
Operating Hour Restrictions
Emission Point Description Annual
Operating Hours
142 Auxiliary Boiler 2500
143 Emergency Diesel Generator 500
144 Fire Pump 500




TABLE 44

Unit 4 Bailer Potential to Emit

PSD
Hourly Annual Significant
Emissions® Emissions®  Emission Rate Emission Factor
Pollutant {lbs/r) {tpy) {tpy) Reference
Carbon Monoxide 1,179 5,166 100 Engineering Estimates
Fluorides (as HF) 51 22 3 Engineering Estimates
Lead 0.20 0.88 0.6 AP-42 Table 1.1-18
Nitrogen Oxides 614 2,689 40 Engineering Estimates
Particulate Matter PMyg 195 854 15 Engineering Estimates
(filterable & condensable)}
Particulate Matter PMyg 138 605 15 Engineering Estimates
{fiherable)
Reduced Sulfur 6.8 30 10 AP-42 Table 1.1-3 (b)
Compounds :
Sulfur Dioxide 921 4,034 40 Engineering Estimates
Sulfuric Acid Mist 32.3 142 7 Engineering Estimates
Total Particulate Matter 154 672 25 Engineering Estimates
{fiterable}
Total Reduced Sulfur 6.8 30 10 AP-42 Tabie 1.1-3 (b}
28.8 126 40 AP-42 Table 1.1-19

VOCs
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5.1.1.2.1 New Source Review Significant Emission Increase Definition

By themselves, coal-fired utility boilers of the size and capacity of the proposed unit at
CBEC typically are categorical sources whose emissions of sulfur dioxide (50:), nitrogen
oxides (NOx), carbon monoxide (CO), particulate matter (PMio) and volatile organic
compounds (VOCs) traditionally exceed the major source threshold established within the
federal rules under 40 CFR 51. Iowa has been delegated full authority from EPA for
administering the federal NSR rules. Since the CBEC is an existing major source, the
construction of an additional generating unit is considered to be a modification, for which
even lower “significant” emission thresholds trigger the NSR process. Under the Clean Air
Act significant is defined as: “A net emissions increase or the potential of a source to
emit....equal to or greater than.... carbon monoxide 100 tpy; nitrogen oxides 40 tpy; sulfur
dioxide 40 tpy; PMio 15 tpy; particulate matter 25 tpy; ozone 40 tpy of VOCs; lead 0.6 tpy;
sulfuric acid (H.SOs) mist 7 tpy; hydrogen sulfide, 10 tpy; total reduced sulfur compounds
(TRS) (including H3S), 10 tpy....” The net emissions increase for SOz, NOx, CO, PMio, VOCs,
H2S0; and TRS from the addition of Unit 4 are above the limits specified for significant net
emissions increase. In addition, Unit 4 is considered a major stationary source. Therefore,
the addition of Unit 4 is considered a major modification of an existing stationary source
and is subject to requirements for SO, NOx, CO, PMus, VOCs, H;504 and TRS.

5.1.1.2.2 Prevention of Significant Deterioration

Since Unit 4 will be located in an area classified as attainment for criteria pollutants, the
requirements of the federal PSD program will apply to the construction of Unit 4. The IDNR
has been delegated full authority from the EPA for administering the federal PSD rules;
consequently, these requirements are codified within the state permitting rules at IAC 22 4.

The PSD program defines a major stationary source as:

1. Any source type belonging to one of 28 source categories that has PTE of 100 tpy or
more of any conventional (or “criteria”) pollutant regulated under the CAA or,

2. Any other source type with a PTE of 250 tpy of any pollutant regulated under the CAA.

The facility belongs to one of the 28 listed source categories (fossil-fuel boilers, combinations
thereof, totaling more than 250 MMBtu'’s per hour heat input) and is considered an existing
major stationary source because the PTE for SO, NOx, CO, PMjo, VOCs, lead, H2504 , HF,
Reduced Sulfur Compounds and TRS all exceed the limits listed in this section.

Modifications to an existing major stationary source are considered major and subject to
PSD review if a net emisstons increase is equal to or greater than the corresponding
significant emissions increase threshold for each respective pollutant. A net emissions
increase includes both of the following:

» The potential increase in emissions due to the modification itself; and

+ Contemporaneous net emissions increases and decreases of regulated air pollutants,
under the PSD program.

An emissions increase is considered significant if emissions meet or exceed any of the
following rates: )

» (Carbon monoxide, 100 ton per year (tpy);
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Carbon monoxide, 100 ton per year (tpy);
Nitrogen oxides, 40 tpy;

Sulfur dioxide, 40 tpy;

PMjo Particulate matter, 15 tpy;

Particulate matter, 25 tpy;

Ozone, 40 tpy of volatile organic compounds;
Lead, 0.6 tpy;

Asbestos, 0.007 tpy;

Beryllium, 0.0004 tpy;

Mercury, 0.1 tpy;

Vinyl Chloride, 1 tpy;

Fluorides, 3 tpy;

Sulfuric acid mist, 7 tpy;

Hydrogen Sulfide, 10 tpy;

Total reduced sulfur (including H2S), 10 tpy;
Reduced sulfur compounds (including H2S), 10 tpy.

The basic PSD permitting requirements that must be met for a major modification include:
» BACT (presented in Section 6);

» Performance of an ambient air quality impacts analysis (dispersion modeling)
' (presented in Section 7);

+ Analysis of impacts to soils, vegetation, and visibility (air quality related values)
(presented in Section 7); and

e Analysis of Class [ area impacts {presented in Section 7).

These requirements apply to attainment pollutants for which the modification is significant.
As stated above, net emission increases of SOz, NOyx, CO, PMys, VOCs, lead, H;SO; , HF,
Reduced Sulfur Compounds and TRS associated with the proposed Unit 4 exceed
significant emission rate thresholds. Based on the emissions the proposed addition of Unit 4
will be a major modification (subject to the federal and state PSD program requirements) for
SOz, NOx, CO, PMyo, VOCs, lead, H2504, HF, Reduced Sulfur Compounds and TRS.

CBEC is located in a PSD area and is subject to the provisions in 567 IAC 22.4. Pursuant to
this section, Unit 4 must meet all applicable emissions requirements of these provisions and
modifications must be reviewed by the IDNR to determine the air quality impact of Unit 4.
In addition, CBEC is required to include the following information with the air quality
construction permit application:

» An analysis of the air quality impact and a demonstration that increases will not
contribute to a violation of an ambient air quality standard or PSD increment.

* Ananalysis of ambient air quality in the affected area for each pollutant that a new
source would have the potential to emit in a significant amount,

* Ananalysis of the air quality related impact including an analysis of the impairment to
visibility, soils, and vegetation and the projected air quality impact from general
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commercial, residential, industrial, and other growth associated with the source or
modification, and

¢ Other information as requested by the IDNR.

5.1.1.3 Title V Regulations (567 1AC 22.100 through 22.116)

The federal operating permits program (Title V) is implemented by regulations codified at
40 CFR Part 70 and 71. The State of Iowa has been granted authority to implement and
enforce the federal Title V program through state regulations outlined under 567 IAC
Chapter 22 Sections 100 through 116. CBEC currently has an IDNR issued Title V Operating
Permit (Permit No. 97-TV-001-M004). Pursuant to 567 IAC 22.113, the addition of Unit 4 will
constitute a significant modification to the existing facility and will require a modification of
the existing Title V permit. An application for a Title V permit revision is required within
one year of commencing operation of the Unit 4, as specified in 567 IAC 22.105(1)(a)(5).

5.1.1.4 Acid Rain Sources (567 IAC 22.120 through 22.148)

As outlined in 567 IAC Chapters 22.120 through 22.148, for purposes of implementing an
acid rain program that meets the requirements of Title IV of the Clean Air Act, the
provisions of 40 CFR Part 72 are incorporated into Parts 73, 75, 76 and 77 by reference. The
State of Jowa administers the Acid Rain Program through adoption of 40 CFR 72 of the
federal code. These requirements are discussed in section 5.1.2.3.

5.1.2 Federal Air Permit Requirements

Described below are the three basic types of federal permits that Unit 4 and CBEC are
subject to:

5.1.2.1 Major Source NSR/PSD (40 CFR 51)

The IDNR has been delegated full authority from EPA for ad}rﬁnjstering the federal PSD
and NSR rules. These rules are summarized in section 5.1.1.1 and 5.1.1.2 of this application.

5.1.2.2 Operating Permit Program (40 CFR Parts 70 and 71)

The IDNR has been delegated full authority from EPA for administering the federal Title V
operating permit program rules. These rules are summarized in section 5.1.1.3 of this
application.

5.1.2.3 Acid Rain Program (40 CFR Parts 72, 73, 75, 76, and 77)

As a coal-fired electric utility boiler, Unit 4 will be subject to the SOz allowance allocation,
NOx emission limitations, and monitoring provisions of the federal acid rain program. The
existing acid rain permit for CBEC will be modified to incorporate the new unit. A
Continuous Emissions Monitoring System (CEMS) will be designed, fabricated, installed,
and certified on the new unit, in accordance with the requirements of Part 75.



5.2 Other State and Federal Air Quality Requirements

5.2.1 Overview of State Air Quality Regulations

The following comments all pertain to Articles within 567 IAC Chapters 20 through 31.
Refer to Table B-1 for further details on the applicability of specific regulatory sections.

1.

10.

11.
12.

The provisions of 567 IAC Chapter 20 are general in nature, do not provide specific
standards, limitations, or other requirements applicable to Unit 4, but do govern other
provisions in other Chapters that pertain specifically to Unit 4 upon commencement of
construction and during future operations.

The provisions of 567 IAC Chapter 21 pertain to compliance and do not provide specific
standards, limitations, or other requirements applicable to Unit 4 at this time, but do
govern other provisions in other Chapters that pertain specifically to Unit 4 upon
commencement of construction and during future operations.

The provisions of 567 IAC Chapter 22 concern controlling pollution; in general, these
provisions apply to this facility, including the sections on construction permits, Title V
and Acid Rain.

The provisions of 567 IAC Chapter 23 pertain to emission standards for contaminants.
Specific sections that apply to Unit 4 are outlined in Section 5.2.2.1.

The provisions of 567 IAC Chapter 24 pertains to excess emissions. This applies to
CBEC and Unit 4 at all times. Refer to Section 5.2.2.2.

The provisions of 567 IAC Chapter 25 pertain to measurement of emissions. This
section requires CEMs on Unit 4 and the associated monitoring and recordkeeping.

The provisions of 567 IAC Chapter 26 pertain to prevention of emergency episodes.
This section applies to CBEC.

The provisions of 567 IAC Chapter 27 pertain to certificate of acceptance for public
entities interested in adopting their own air regulations. This chapter is not applicable
to CBEC.

The provisions of 567 IAC Chapter 28 pertain to ambient air quality standards. These
are the NAAQS and are applicable to CBEC and Unit 4.

The provisions of 567 IAC Chapter 29 pertain to qualification of visual determination of
the opacity of emissions. This section is applicable to CBEC and Unit 4.

The provisions of 567 IAC Chapter 30 are reserved for future use.

The provisions of 567 IAC Chapter 31 pertain to nonattainment areas. This chapter is -
not applicable to CBEC since it is located in an attainment area.

5.2.2 Specific Applicable State Regulations |
Listed below are specific applicable state air regulations that apply to Unit 4.
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5.2.2.1 Emission Standards (567 IAC 23.1)

The IAC adopts the applicable federal new source performance standards (NSPS) and the
nattonal emission standards for hazardous air pollutants (NESHAPs) under 567 IAC
Chapter 23 Section 1. Applicable regulations are listed under following Sections:

« 567 IAC 23.1(2) v — Coal Preparation Plants (40 CFR 60 Subpart Y),
» 567 IAC 23.1(2) z — Electric Utility Steam Generating Units (40 CFR 60 Subpart Da).
« 567 1AC 23.1(3) a - NESHAP - Asbestos (40 CFR 61 Subpart M)

» 567 IAC 23.1{4)(b)(1) and (2) — Requirements for control technology determinations for
major sources in accordance with Clear Air Act Sections 112(g) and 112 (j).

e 567 IAC 567 —-23.1(6) Emission Standards — Calculation of Emission Limitations based
on Stack Height

» 567 IAC 23.2(1) - Open burning of combustible materials is prohibited, except as
- provided in 23.2(2) and 23.2(3)

5.2.2.2 Excess Emissions (567 IAC 24)

If excess emissions gccur as a result of equipment maltunction other than startup, shutdown
or cleaning of control equipment oral and written reporting to the IDNR is required under
567 IAC 24.1. There are specific guidelines that apply to electric utilities to ensure that
consumer demand is met.

The IAC also requires that equipment and control equipment is maintained to minimize
emissions under 567 [AC 24.2.

5.2.2.3 Measurement of Emissions (567 IAC 25)

Continuous emissions monitoring (CEMs) equipment is required under 567 IAC 25.1(1) for
coal-fired steam generating units with a rated capacity greater than 250 MMBTUs /hr. This
section also outlines the maintenance and reporting requirements.

5.2.2.4 Prevention of Emergency Episodes (567 [AC 26)

CBEC is a power generating facility and is required under 567 IAC 26 to prepare a
preplanned abatement strategy to prevent the buildup up of air pollution contaminants
during an air pollution episode.

5.2.2.5 Ambient Air Quality Standards (567 IAC 28)

Iowa has adopted the National Ambient Air Quality Standards under 567 IAC 28. These are
applicable to CBEC and Unit 4.

5.2.2.6 Monitoring and reporting

After the construction permit and subsequently the Title V Permit are received, CBEC will
be required to conduct monitoring, submit emission reports, insure that equipment meets
certain specification, and other activities as IDNR requests. Some of these requirements are
enumerated, below:




» Meet the reporting requirements specified in 567 IAC 24,

* Submit and retain an annual hazardous air pollutant inventory and an annual air
emission inventory (567 IAC 22.100 through 22.116),

¢ Conduct emissions testing in accordance with (IAC 25.1(7)),
o Install CEMS and submit related reports to IDNR (567 IAC 25),
¢ Conduct opacity observations in accordance with EPA Method 9 (567 IAC 29),

« Ensure that stacks are consistent with good engineering practices (GEP) (567 [AC
23.1(6)).

5.2.3 Other Federal Air Quality Regulations

5.2.3.1 National Emission Standards for Hazardous Air Pollutants (HAPs)
(40 CFR Part 61 and 63)

.40 CFR 61.01 through 61.08 provides requirements to receive authorization from the EPA (or
designated states) before construction or modification of a source. This application is being
submitted pursuant to these paragraphs. 40 CFR 61.09 through 61.15 provide the reportmg
and monitoring requirements applicable to Unit 4.

Certain sections of NESHAP Subpart M, “National Emission Standard for Asbestos” are
likely to be applicable to the existing CBEC facility, since the installation of asbestos-
containing building materials (ACBM) and thermal system insulation (TSI) was
commonplace prior to the late 1970s. Mid American Energy will be required to determine
the presence of ACBM and TSI throughout the plant and assess the potential for existing
ACBM or TSI to become disturbed or damaged during construction of Unit 4. The following
sections of Subpart M apply to the CBEC:

§61.140 Applicability

§61.141 Definitions

§61.145 Standard for demolition and renovation

§61.148 Standard for insulating materials

§61.150 Standard for waste disposal for....demolition, renovation ...operations.

The remaining sections of 40 CFR 61 provide guidelines and requirements for specific
sources that CBEC does not operate; therefore, these sections do not apply to Unit 4 or
CBEC in general.

The National Emission Standards for Hazardous Air Pollutants for Source Categories are
codified in 40 CFR Part 63. The emission limitations within Part 63 are referred to as
Maximum Achievable Control Technology (MACT) standards. At present, the EPA has not
promulgated a final MACT standard for coal-fired power plants under Part 63, although
these facilities have been listed pursuant to §112(g) of the federal Clean Air Act since
December, 2000. Consequently, Mid American Energy was required to have submitted a Part
1 application to the EPA or the IDNR, relative to requesting a case-by-case MACT
determination for the CBEC. Since the addition of Unit 4 will eventually lead to the
reopening of the existing Title V permit issued by IDNR for the plant, this application
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includes a proposed case-by-case MACT determination for that new generating unit; (see
Section 6.3 of this application).

5.2.3.2 Compliance Assurance Monitoring Program (40 CFR Part 64)

Since the existing facility and the proposed Unit 4 will be an “affected unit” subject to the
federal acid rain program monitoring provisions, codified at 40 CFR Part 75, the CBEC is
exempt from the federal Compliance Assurance Monitoring (CAM) program requirements,
codified at 40 CFR Part 64, for SOz and NOy, pursuant to 40 CFR 64.2(b){1)(iii). However, the
unit will be subject to CAM requirements for SO; and NOx with respect to Part 60 and IDNR
permit limitations. The facility will also be subject to CAM requirements for particulates
with respect to Part 60, Subparts Da and Y and IDNR permit limitations.. The CAM Plan for
Unit 4 is contained in Section 9 of this application.

5.2.3.3 New Source Performance Standards (40 CFR Part 60)

These rules establish emission limitations for sulfur dioxide, nitrogen oxides, and particulate
matter and provide a variety of requirements for monitoring, record keeping, and reporting
of emissions and other information. Any emissions unit subject to an NSPS subpart is also
subject to the general provisions under Subpart A (codified at 40 CFR 60.1 through 60.19).
CBEC Unit 4 will also be subject to the provisions in Appendices B and F which outline
requirements and specifications for continuous opacity monitoring systems (COMS), CEMS
and the Quality Assurance and Quality Control Plans required for these monitoring
systems. Guidance regarding State Plans is provided in sections 40 CFR 60.20 through 60.29
(Subpart B); these sections do not apply to CBEC. :

Sections 40 CFR 60.30 through 60.39 (Subpart C) are specific to waste combustion units,
incinerators, solid waste landfills and sulfuric acid production plants. CBEC does not

conduct any of these processes; therefore the requirements in this section do not apply to the
CBEC facility.

The provisions of 40 CFR 60.40 through 60.49 (Subpart D) apply to fossil fuel-fired steam
boilers having a heat input of 250 MMBtu per hour or more, and constructed since August
17, 1971. The CBEC Unit 3 fits this definition, and is subject to the provisions of NSPS
Subpart D. However, similar electric utility units constructed after September 18, 1978 are
subject to the requirements of NSPS Subpart Da (see next paragraph) which, for such units,
supercedes Subpart D. Units 1 and 2, while having a heat input greater than 250 MMBtu per
hour, were constructed during the 1950s and are considered “pre-NSP5”. The provisions of
40 CFR Part 60 do not apply to Units 1 and 2 at the CBEC.

The provisions of 40 CFR 60.40a through 60.49a (Subpart Da) apply to electric utility steam
generating units having a heat input of 250 MMBtu per hour or more and constructed on or
after September 18, 1978. The proposed Unit 4 will be a nominal net 750 MW coal-fired
electric utility steam boiler rated at 7,675 MMBtu per hour heat input and is therefore
subject to the requirements of 40 CFR Subpart Da. According to this subpart, all monitoring
activities and reports of emissions should be documented and retained on file, and the
following may not be exceeded:

¢ Particulate Matter 0.03 Ib/MMBtu (§ 60.42a),

» Opacity of 20 percent, except for one 6-minute period per hour (§ 60.42a),



e 50,12 1b/MMBtu (§ 60.43a),

* 90 percent SOz reduction (or 70 percent reduction if emissions are less than 0.60
Ib/MMBtu) (§ 60.43a), and

¢ NOx0.6 Ib/MMBtu (§ 60.44a)
o NOx 1.6 Ib/Megawatt hour gross energy output (§ 60.44a)

COMS and CEMS must be installed, calibrated, maintained, operated, and recorded in
accordance with the requirements in 40 CFR 60.47a through 60.49a. Documentation is
required to be maintained regarding performance tests and calibration and maintenance of
equipment. These monitoring systems shall be certified in accordance with the Performance
Specifications provided in Appendix B to Part 60, and mlaintained in accordance with the
Quality Assurance requirements provided in Appendix F to Part 60. Note that some of the
criteria and certification test requirements within these NSPS appendices are, (for acid rain
sources), superceded by certain provisions within 40 CFR Part 75, which was promulgated
later.

The 137.4 MMBtu/hr diesel-fired auxiliary boiler planned for Unit 4 will be subject to the
provisions of 40 CFR Part 60 Subpart Db.

The CBEC is also subject to the provisions of NSPS Subpart Y, “Standards of Performance
for Coal Preparation Plants”, codified at §60.250 through 60.254. These rules establish
particulate emission limitations and opacity standards for thermal dryers, pneumatic coal-
cleaning systems, coal handling, conveying and enclosed storage equipment. The CBEC

~ does not have any thermal dryers or pneumatic coal-cleaning equipment; therefore the
provisions of Subpart Y only apply to the coal handling, conveyance and storage facilities.
40 CFR 60.250 provides rule applicability information and 40 CFR 60.251 provides several
definitions. 40 CFR 60.252, “Standards for Particulate Matter” establishes a 20% opacity
limitation for these equipment items. 40 CFR 60.253 provides monitoring requirements,
which are only applicable to thermal dryers; (and thus do not apply to CBEC). Finally, 40
CFR 60.254 requires that Reference Methods 5 (particulate mass emission rate) and 9
(opacity) be employed for performance tests required under §60.8.

5.2.3.3.1 Nitrogen Oxides and Excess Emissions (40 CFR Parts 76 and 77)

Under 40 CFR 76, CBEC Unit 4 is considered a Group I, Phase II boiler and shall either
discharge emissions of NOx in amounts less than 0.40 1b/MMBtu on an annual average
basis for tangentially-fired boilers or 0.46 lb/MMBtu on an annual average basis for dry
bottom wall-fired boilers.

5.2.4 Regulatory Applicability Summary Matrix

Appendix B contains Tables B-1 and B-2 that summarize Iowa and Federal Requirements,
respectively. The table identifies these requirements, denotes applicability, provides an
explanation and, if necessary, defines the methods to be used to demonstrate compliance.
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SECTION 6.0

Control Technology Analysis

This section describes the air pollution control equipment that will be utilized on the
_ proposed MidAmerican Council Bluffs Energy Center (CBEC) Unit 4 and the Best Available
Control Technology analysis for applicable pollutants.

6.1 Pollution Controls

The proposed CBEC Unit 4 will be equipped with pollution controls to limit the emissions
of sulfur dioxide (SO,), sulfuric acid mist, total reduced sulfur (TRS), reduced sulfur
compounds, hydrochloric acid (HCI), fluorides as hydrogen fluoride (HF), nitrogen oxides
(NOx), particulate matter (PM), particulate matter less than 10 micrometers in diameter
(PM;o) and lead.

6.1.1 Sulfur Dioxide and Related Compounds

Emissions of sulfur dioxide and other sulfur compounds will be controlled on CBEC Unit 4
with the use of a lime spray dryer flue gas desulfurization (FGD) system. The FGD system
will have a design SO, emission rate of 0.12 Ib/MMBtu, which corresponds to a SO, removal
efficiency of 90.4 percent at the maximum coal sulfur content of 0.50%.

The lime spray dryer FGD system will also have a similar removal efficiency for the control
of sulfuric acid mist, total reduced sulfur (TRS}) and reduced sulfur compounds.

In a dry FGD system lime (calcium oxide) reagent is slaked to form calcium hydroxide
slurry. The slurry contacts the flue gas when it is sprayed as finely atomized droplets
through a rapidly spinning atomizing wheel into a spray dryer vessel. The spray dryer
vessel will be installed in the flue gas ductwork upstream of a baghouse. The flue gas
temperature leaving the spray dryer vessel is maintained about 25°F above the adiabatic
approach to the saturation point. This allows carbon steel construction of the spray dryer
vessel and steel-lined stacks. The spray dryer vessel has sufficient residence time (about 10
seconds) to allow the SO in the flue gas to react with the reagent as the water in the slurry
droplets evaporates, forming a dry calcium sulfite and calcium sulfate byproduct. This dry
byproduct, along with remaining flyash, is collected in the bottom of the spray dryer vessel
and in the downstream baghouse. A portion of the collected dry solids will be re-slurried
and re-injected into the spray dryer to improve reagent utilization. The collected dry solids
will be pneumatically conveyed to a storage silo and trucked to a landfill disposal site. The
dry lime FGD system for CBEC Unit 4 will be designed to meet the SO emission levels
described in Section 4.

There is additional removal of SOz, H>504, TRS and Reduced Sulfur Compounds due to
absorption and collection of the dry fly ash/reaction product mixture that takes place in the
fabric filter.
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6.1.2 Hydrochioric Acid and Hydrogen Fluoride

The use of the lime spray dryer flue gas desulfurization system on CBEC Unit 4 will also
reduce hydrochloric acid (HCl) and hydrogen fluoride (HF) potential emissions by 90
percent. Based on operating data at other coal fired utilities and municipal waste
combustors (MWC) that utilize combination lime spray dryer and fabric filter control
systems, very high acid gas removal efficiencies have been demonstrated. Removal
efficiencies up to 99% for HCl and 95% for HF have been reported. The level of control is
also dependent on the coal properties. Some of the HCl and HF removal occurs in the spray
dryer vessel itself due to the reaction with the lime slurry. Removal also takes place as a
result of the flue gas humidification and the collection of the reagent and flyash product on
the fabric filter bags.

6.1.3 Nitrogen Oxides

NOx is formed in the boiler in the combustion process, particularly when the peak
combustion temperatures in the flame exceed 2500° F. The emissions of NOx from CBEC
Unit 4 will be limited through the use of low NOx burners (LNB) and selective catalytic
reduction (SCR). Low NOx burners control the formation of NOx by staging the combustion
of the coal to keep the peak flame temperature below the threshold for NOx formation. The
burner initially introduces the coal into the boiler with less air than is needed for complete
combustion. The flame is then directed toward an area where additional combustion air is
introduced from over fire air ports allowing final combustion of the fuel. A selective
catalytic reduction unit will also be installed on CBEC Unit 4 to further reduce the NOx«
emissions. The proposed SCR is designed for high dust loading applications, and will be
located external from the boiler. The SCR system uses a catalyst and a reductant (ammonia
gas, NHs) to dissociate NOx into nitrogen gas and water vapor. The catalytic process
reactions for this NOx removal are as follows:

4ANQ + 4NHs3 + O 4Nz + 6H20 and,
INO; + 4NH; + O, © 3N2 + 6H,0.

The optimum temperature window for this catalytic reaction is between approximately 575
to 750°F. Therefore, the SCR reaction chamber will be located between the boiler economizer
outlet and air heater flue-gas inlet. The system will be designed to use anhydrous ammonia
as the reducing agent. Ammonia injection pipes, nozzles and a mixing grid will be located
upstream of the reaction chamber. A diluted mixture of ammonia gas in air will be
dispersed through injection nozzles into the flue-gas stream. The ammonia/flue-gas mixture
then enters the reactor where the catalytic reaction occurs. Ammonia for the SCR will be
generated from dry urea at CBEC Unit 4. '

Based on technical information provided by boiler vendors, it is anticipated that NOx
emissions from the boiler economizer (prior to the SCR) can be controlled with low NOx
burners and overfire air to 0.20 Ib/mmBtu (approximately 143 ppmvd @ 3% O-) while
maintaining acceptable levels of CO and VOC. Assuming a NOx inlet concentration of 143
ppmvd @ 3% Oz, the SCR will be designed to reduce the NOx concentration to
approximately 57 ppmvd @ 3% O, or 0.08 Ib/mmBtu. This represents a SCR removal
efficiency of 60% above the control of low-NOx burners alone.
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The LNB and SCR system for CBEC Unit 4 will be designed to meet the NO, emission levels
described in Section 4.

6.1.4 Particulate Matter and Particulate Matter less than 10 Micrometers in
Diameter (PMyo)

Particulate matter and particulate matter less than 10 micrometers in diameter (PMio) will be
controlled at CBEC Unit 4 by a pulse-jet fabric filter.

The pulse jet fabric filter will process the exhaust flue gas from the spray dryer(s) outlet. The
pulse jet baghouse will consist of a number of compartments containing fabric filter bags
fitted over a wire cage and suspended from a horizontal tube sheet in the compartment. The
flue gas flows from the outside of the bags to the inside. The wire cage is required to keep
the bags from collapsing. From the inside of the bag clean flue gas exits to a clean air
plenum and is discharged via ductwork to the stack. Particulate matter that collects on the
outside of the bags is removed by an intermittent reverse pulse of high pressure compressed
air applied on-line during timed cleaning cycles. The particulate matter collects in hoppers
below the compartments and is removed via airlock valves by a pneumatic conveying
system to a storage silo. The fabric filter will have a design total particulate removal
efficiency of 99.7%.

6.1.5 Lead

The use of a fabric filter and dry lime FGD system on CBEC Unit 4 will reduce potential lead
emissions by 99 percent. Lead is emitted as a trace metal in the flyash leaving the boiler. The
removal of lead correlates with the collection efficiency of the particulate removal device.
Since the fabric filter will remove 99%+ of the total particulate matter, the removal efficiency
of lead will be similar. '

6.1.6 Carbon Monoxide and Volatile Organic Compounds

Carbon monoxide (CO} and non-methane volatile organic compounds (VOC) are formed
from the incomplete combustion of the coal in the boiler. The formation of CO and VOC's is
limited by controlling the combustion of the fuel and providing adequate oxygen for
complete combustion. Thus, good combustion control is the technique to be used to limit

-+ CO and VOC emissions.

6.2 BACT Determination

This section presents the required Best Available Control Technology (BACT) analyses.

6.2.1 Applicability

The requirement to conduct a BACT analysis and determination is set forth in section
164(a)(4) of the Clean Air Act and in federal regulations 40 CFR 52.21(j).
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6.2.2 Top-Down BACT Process

EPA has developed a process for conducting BACT analyses. This method is referred to as
the “top-down” method. The steps to conducting a “top-down” analysis are listed in EPA’s
“New Source Review Workshop Manual,” Draft, October 1990. The steps are:

Step 1 - Identify All Control Technologies;

Step 2 — Eliminate Technically Infeasible Options;

Step 3 - Rank Remaining Control Technologies by Control Effectiveness;
Step 4 - Evaluate Most Effective Controls and Document Results; and
Step 5 — Select BACT.

Each of these steps has been conducted for SO, NOx, CO, VOC, PM, PMy, lead and
fluoride and is described below.

6.2.3 SO Analysis

The BACT analysis for Sulfur Dioxide is presented below. The analysis is also applicable to
the related compounds; Sulfuric Acid Mist, Total Reduced Sulfur and Reduced Sulfur

~ Compounds.

6.2.3.1 Step 1 - Identify Ali Control Technologies

Sulfur dioxide {SO;) will be emitted from the proposed CBEC Unit 4 as a result of the
combustion of coal that contains sulfur. The first step is to evaluate 50; controls determined
to be BACT by permitting agencies across the United States. This information is available
from the EPA RACT/BACT/LAER Clearinghouse (RBLC) database accessible on the
Internet. The printout from the database for SO, is shown in Appendix D, Table E-8.

The potential SO, emission reduction options found in the RBLC are:

e Wet lime scrubbing;

» Wet limestone scrubbing;
¢ Lime spray dryer;

¢ Circulating dry scrubber.

The control efficiencies range from 73% to 95%. However, with the exception of two projects
in Wyoming using a circulating dry scrubber and one project in Wyoming using a lime
spray dryer, the reported removal rates are 90% to 95%.

6.2.3.2 Step 2 - Eliminate Technically Infeasible Options

The first three of these options are technically feasible for use in reducing SO, emissions
from CBEC Unit 4. However, the use of a circulating dry scrubber requires the use of high
calcium fly ash to provide the alkalinity needed to react with SO.. The potential coals for
CBEC Unit 4 are not particularly high in calcium. In addition, control efficiencies for
circulating dry scrubbers have not been demonstrated above 80% in the RBLC database. For
these two reasons this technology was eliminated from further consideration.




6.2.3.3 Step 3 — Rank Remaining Control Technologies by Control Effectiveness

Emission rates for each of the remaining SO, removal technologies are ranked in order of
their control effectiveness. These effectiveness values are provided in Table 6-1.

TABLE 61
$02 Control Technology Emission Rate Ranking
Control Technology S0; % Reduction *
Wet Lime Scrubbing 9598
Wet Limestone Scrubbing 95-98
Lime Spray Dryer 90 -95
NSPS Limit 70°

# Estimate of maximum continuous SO, emission control efficiency.
FGD control efficiencies will be in the lower end of the range when
used with low sulfur coal.

b Applicable when SO; emissions are less than 0.60 pounds per million BTU.

The PSD NSR regulations require that BACT, at a minimum, meet the applicable NSPS limit,
40 CER 60 Subpart Da. Because there is an NSPS that applies to the boiler, the NSPS
emission limit is also included in the ranking.

6.2.3.4 Step 4 - Evaluate Most Effective Controls and Document Results

This step involves the consideration of energy, environmental, and economic impacts
associated with each control technology. The top-down process requires that the evaluation
begin with the most effective technology.

Wet Limestone/Lime FGD

Wet SO, scrubbers operate by flowing the flue gas upward through a large reactor vessel
that has an alkaline reagent (i.e., lime or limestone slurry) flowing down from the top. The
scrubber mixes the flue gas and alkaline reagent using a series of spray nozzles to distribute
the reagent across the scrubber vessel. The calcium in the reagent reacts with the SO in the
flue gas to form calcium sulfite and / or calcium sulfate that is removed from the scrubber
with the sludge and is disposed. Most wet FGD systems utilize forced oxidation to assure
that only a calcium sulfate sludge is produced.

The creation of sludge from the scrubber does create a solid waste handling and disposal
problem. This sludge needs to be handled in a manner to not result in ground water
contamination. Also, the sludge disposal area needs to be permanently set aside from future
surface uses since the disposed sludge can not bear any weight from such uses as buildings
or cultivated agriculture.

Other disadvantages associated with wet limestone or lime FGD includes the creation of a
visible wet stack plume, generation of primary particulate matter by the scrubbing process,
increased acid gas emissions, high energy costs, incompatibility with mercury removal
options and water/wastewater issues. Wet FGD generates more primary particulate
emissions leaving the stack than dry FGD systems because the particulate removal device
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(ESP or Fabric Filter) is upstream of the scrubber instead of downstream as in this case.
Sulfuric acid removal for a wet FGD system is in the range of 40 to 60% compared to 90% for
a lime spray dryer/fabric filter combination. The potential future use of activated carbon or
sorbent injection for mercury removal is also limited with a wet FGD application since the
fabric filter is upstream of the scrubber and the flue gas temperature is higher than the
optimum mercury capture range.

Spray Dryer Followed by Fabric Filter

Spray dryers operate by flowing the flue gas through a large vessel. In the top of the vessel
is a rapidly rotating atomizer wheel through which lime slurry is flowing. The rapid speed
of the atomizer wheel causes the lime slurry to separate into very fine droplets that intermix
with the flue gas where the SO, in the flue gas react with the calcium in the lime slurry to

form particulate calcium sulfate. This dry material is captured in the fabric filter along with
the fly ash.

Fabric filtration has been widely applied to ccal combustion sources since the early 1970s
and consists of a number of filtering elements (bags) along with a bag cleaning system
contained in a main shell structure incorporating dust hoppers. Fabric filters use fiberglass
fabric bags as filters to collect particulate matter. The particle-laden gas enters a fabric filter
compariment and passes through the bags and through a layer of accumulated particulate
matter collected on the fabric of the filter bags. The collected particulate matter forms a filter
cake layer on the bag that enhances the bag's filtering efficiency. However, excessive caking
will increase the pressure drop across the fabric filter. When this occurs, the fabric filter is
placed into a cleaning cycle and the excess particulate matter is removed by the ash
handling system.

On this project, MidAmerican Energy is proposing the installation of a lime spray dryer flue
gas desulfurization system that produces a dry waste product suitable for landfill disposal.

Since dry lime scrubbing is being proposed for this project, the environmental, energy and
economic impacts must be examined. A cost estimate for dry lime FGD installation and
operation has been prepared for this project and is provided in Appendix E. The effective
cost of a dry lime scrubber has been estimated at $605 per ton of SO. controlled. An
incremental cost analysis has also been prepared based on the use of wet limestone FGD
with a control efficiency of 95%. The detailed cost estimate is provided in Appendix E. The
incremental cost difference between dry lime FGD and wet limestone FGD is $5,452 per
additional ton of SO, removed and is $6,132 per additional ton of SO, removed when the
higher fabric filter costs are factored in. With a wet FGD design, the fabric filter would be
prior to the FGD system, and the resultant capital and operating costs are higher than a
similar fabric filter that follows a dry lime FGD system. A comparison of the costs and SO
removed is summarized in Table 6-2. The annualized cost estimate for a wet lime system
would be similar to the one prepared for wet limestone with the primary difference being
the higher cost of lime reagent. Because wet limestone FGD has a similar removal efficiency
to wet lime FGD and the operating costs are lower, it was decided that wet limestone FGD
was the appropriate cost comparison alternative to the lime spray dryer.

Mid American believes that the high incremental cost of wet limestone/lime scrubbing is not
warranted for this project based on the use of low sulfur coal and the limited additional tons
of 50, removed. Wet FGD also has the disadvantages of waste disposal of a wet FGDD




sludge, possible future complications with mercury removal (see section 6.3.3.4.2 below),
higher particulate and sulfuric acid mist emissions, and higher energy usage. Dry lime
scrubbing can meet an SO; emission limit that is comparable to the best in the RBLC
database.

TABLE 6-2
CBEC Unit 4 S02 Control Cost Comparison
Dry Lime Wet Limestone
Factor FGD FGD
Total Installed Capital Costs $ 67,775,760 $ 137,958,260
Total Fixed & Variable O&M Costs $11,331,111 $ 10,576,667
Total Annualized Cost $ 22,983,556 $ 33,522,072
FGD Design Control Efficiency 90.4% 95.0%
Tons SO, Removed per Year 37,987 39,920
Cost Effectiveness per Ton of SO, Removad $605 $ 840
Incremental Annualized Cost Difference - $ 10,538,517
between Wet FGD and Dry FGD
Incremental Annualized Cost Difference for - $1,313912
Fabric Filter
Incremental Tons SO Removed between - 1,933
Wet FGD and Dry FGD
Incremental Cost Effectiveness per Ton of - $6,132
Additional SO, Removed by Wet FGD

6.2.3.5 Step 5 - Select BACT

The final step in the top-down BACT analysis process is to select BACT. EPA’s
RACT/BACT/LAER Clearinghouse (RBLC), a database of past technology decisions, was
again consulted to assist in selecting BACT for this project.

Both wet lime scrubbing and wet limestone scrubbing have been demonstrated at removal
efficiencies greater that 90%. The installation of a lime spray dryer FGD on CBEC Unit 4 will
result in a SO2 removal efficiency of 90.4% for the worst case coal, which has a sulfur content
of 0.50%. The highest collection efficiency shown in the RBLC is 95% on Santee Cooper
Cross Unit No. 1. This unit burns high sulfur coal. The design SO, emission rate on CBEC
Unit 4 is 0.12 Ib/MMBtu which is consistent with the low end of the range of emissions for
units in the RBLC. The recent addition at the Kansas City Power and Light Hawthorn
Station was permitted at 0.12 1b/MMBtu based on the use of low sulfur coal and a lime
spray dryer FGD. Therefore lime spray dryer FGD is selected as BACT for this project with
an SO; emission limit of 0.12 Ib/MMBtu based on a 30-day rolling average. Lime spray
dryer FGD is also selected as BACT for the control of Sulfuric Acid Mist, Total Reduced
Sulfur and Reduced Sulfur Compounds.
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6.2.4 NO, Analysis
The BACT analysis for Nitrogen Oxides is presented below.

6.2.4.1 Step 1 - Identify All Control Technologies

NO, will be emitted by combustion of ccal in the boiler. NO, formed in the combustion
process consists of fuel NOx (NO, derived from nitrogen in the fuel) and thermal NOx
(which is produced from nitrogen in the flue gas) when the peak flame temperature reaches
a sufficiently high temperature (approximately 2500°F).

The first step is to evaluate NOx controls determined to be BACT by permitting agencies
across the United States. This information is available from the EPA RACT/BACT/LAER
Clearinghouse (RBLC) database assessable on the Internet. The printout from the database
for NO is shown in Appendix D, Table E-9.

Potential NOy control technology options are:

Selective catalytic reduction (SCR);
Selective noncatalytic reduction (SNCR);
Low NO, burners with overfire air;

Low NOy Burners;

Flue Gas Recirculation (FGR); and

Good combustion control.

6.2.4.2 Step 2 - Eliminate Technically Infeasible Options

All of these technologies except Flue Gas Recirculation are listed in the RBLC for coal-fired
utility boilers. All of the technologies are technically feasible.

6.2.4.3 Step 3 - Rank Remaining Control Technologies by Control Effectiveness

Emission rates for each of the remaining technology combinations are required to rank them
in order of effectiveness. These emission rates are provided in Table 6-3. The control
efficiencies are those shown in the RBLC database {Appendix D, Table E-9). The emission
rate range for Flue Gas Recirculation is highly variable based on boiler design but it was
estimated to be similar to Low NOx burners.

The PSD NSR regulations require that BACT, at a minimum, meet the applicable NSPS limit.
Because there is an NSPS that applies to the boiler, the NSPS emission limit is also included
in the ranking.

6.2.4.4 Step 4 - Evaluate Most Effective Controls and Document Results

SCR is being examined for this project, so its environmental, energy, and economic impacts
must be examined. SCR is a control technique that reacts ammonia with the NOx in the flue
gas at the appropriate temperature in the presence of a catalyst to form water and nitrogen.




TABLE 6-3
NOx Control Technology Emission Rate Ranking

Control Technology NC, Emission Rate *

SCR 0.08 -0.15
SNCR 0.09 - 0.17
Low NO, Burners with Overfire Air 0.15-0.33
Low NO, Burners 0.32 -0.39
Flue Gas Recirculation 0.32 -0.39
Combustion Controls 0.23-0.55
NSPS Limit 0.16"°

2 Pounds per million BTU as found in the RBLC database.
® Converted from NSPS limit of 1.6 pounds per megawatt hour assuming a heat rate of 10000

BTU per kwh.

Nomenclature:

SCR = Selective catalytic reduction

SNCHR = Selective noncatalytic reduction

NO, = Oxides of nitrogen

NSPS = New Source Performance Standards

SCR has two well-documented environmental impacts associated with it, ammonia
emissions and disposal of spent catalyst. Some ammonia emissions from an SCR system are
unavoidable because of imperfect distribution of the reacting gases and ammonia injection
control limitations. Also, the NOy removal efficiency depends on the ratio of ammonia to
NO.. Increasing the amount of ammonia injected increases the control efficiency but also
increases the amount of unreacted ammonia that is emitted to the atmosphere (referred to as
ammonia slip). Ammonia emissions from a well-controlled SCR system can likely be limited
to 10 ppmv or less. Ammonia emissions are of concern, because ammonia is a significant
contributor to regional secondary particulate formation and visibility degradation. In this
case reduced NO, emissions as an environmental benefit would be traded for increased
ammonia emissions as an environmental cost.

The other environmental impact associated with SCR is disposal of the spent catalyst. Some
of the catalyst used in SCR systems must be replaced every two to three years. These
catalysts contain heavy metals including vanadium pentoxide. Vanadium pentoxide is an
acute hazardous waste under the Resource Conservation and Recovery Act (RCRA), Part
261, Subpart D - Lists of Hazardous Materials. This must be addressed when handling and
disposing of the spent catalyst.

There are also significant cost impacts associated with SCR. A cost estimate for SCR
installation and operation has been prepared for this project and is provided in Appendix E.
The estimated capital cost of a SCR for CBEC Unit 4 is $65,476,300. The estimated annual
fixed and variable Q&M costs are $2,942,222. The total annualized cost is $12,839,934 and
the cost effectiveness per ton of NO, removed is $3,183. This cost does not include the
additional cost of low NO, burners and the associated NOx removal in the boiler.
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The next control technology in the hierarchy is SNCR. The range of control efficiencies for
SNCR ranges above the NSPS so it was not evaluated further. The other technologies listed
in Table 6-2 were also not determined to achieve a level of control sufficient to meet NSPS
and were not considered further. As such, further evaluation of energy, environmental, and
cost data is not required.

6.2.4.5 Step 5 - Select BACT

The final step in the top-down BACT analysis process is to select BACT. EPA’s
RACT/BACT/LAER Clearinghouse (RBLC), a database of past technology decisions, was
again consulted to assist in selecting BACT for this project.

Of the projects found, only SCR is shown to meet NSPS. The installation of SCR on CBEC
Unit 4 will result in a NOx removal efficiency of 60% or greater with an emission rate of 0.08
1b/MMBtu. The recent addition at the Kansas City Power and Light Hawthorn Station was
initially permitted at 0.12 Ib/ MMBtu based on the use of low-NOx burners and SCR. Based
on operation and performance test results, the final emission limit for Hawthorne may be as
low as 0.08 Ib/MMBtu. Therefore SCR is selected as BACT for this project with an emission
limit of 0.08 Ib/MMBtu based on a 30-day rolling average.

6.2.5 CO and VOC Analysis

The BACT analysis for Carbon Monoxide and Volatile Organic Compounds is presented
below.

6.2.5.1 Step 1 - identify All Control Technologies
Only two control technologies have been identified for control of CO and VOC:

» Catalytic Oxidation; and
e Combustion controls.

Catalytic oxidation is a post-combustion control device that would be applied to the

combustion system exhaust, while combustion controls are part of the combustion system
design.

6.2.5.2 Step 2 - Eliminate Technically Infeasible Options

Catalytic oxidation has been the control alternative used to obtain the most stringent control
level for CO and VOCs emitting from primarily combustion turbines firing natural gas. This
alternative, however, has never been applied to a coal-fired unit, and thus has not been
demonstrated in practice in this application.

For sulfur containing fuels, such as coal, an oxidation catalyst will convert SOz to SO; and
therefore this conversion would result in unacceptable levels of corrosion to the flue gas
system. Generally, oxidation catalysts are designed for a maximum particulate loading of 50
mg/M3. The proposed Council Bluffs Unit 4 boiler will have a particulate loading upstream
of the fabric filter in excess of 5,393 mg/M3. In addition, trace elements present in coal, in
particular chlorine, are poisonous to oxidation catalysts. There are no oxidation catalysts
developed that have or can be applied to coal or oil fired boilers due to the high levels of
particulate matter and trace elements present in the flue gas.
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Although the catalyst could be installed downstream of the fabric filter to reduce the
particulate loading, the flue gas temperature at that point will be approximately 165°F,
which is well below the minimum temperature required (600°F) for operation of oxidation
catalyst. The flue gas would have to be reheated, resulting in significant unfavorable energy
and economic impacts.

For these reasons, as well as the generally low level of CO and VOC in coal-fired units, no
PC boilers have been equipped with oxidation catalysts. Use of an oxidation catalyst system
in the proposed CBEC Unit 4 PC boiler is thus considered technically infeasible. Thus, this
alternative cannot be considered to represent BACT for control of CO and VOCs.

6.2.5.3 Step 3 - Rank Remaining Control Technologies by Control Effectiveness

Based on the Step 2 analysis, combustion control is the only remaining technology for this
application.

6.2.5.4 Step 4 - Evaluate Most Effective Controls and Document Resuits

There are no environmental or energy costs associated with combustion control.

6.2.5.5 Step 5 - Select BACT

The EPA NSR RBLC clearinghouse database for comparable sources related to CO and
VOC's are shown in Tables E-1 and E-2 in Appendix D. The final step in the top-down
BACT analysis process is to select BACT. The recent addition at the Kansas City Power and
Light Hawthorn Station was permitted at 0.16 1b/MMBtu for CO and 0.0036 1b/MMBtu for
VOCs based on the combustion control. Based on the above analysis, combustion control for
CO and VOCs is chosen as BACT for this project with an emission limit of 0.16 1b/MMBtu
for CO and 0.0036 1b/MMBtu for VOCs.

6.2.6 PM/PMo Analysis

PM and PMyp emissions will be emitted from the boilers, cooling tower and the coal, ash,
lime and urea handling systems. An analysis for the emissions from the boilers is presented,
followed by an analysis for the cooling tower and the material handling systems.

Unit 4 Boiler

6.2.6.1 Step 1 - Boilers: Identify All Control Technologies.
Two control technologies for the boilers have been identified for PM/PMio control:

* Electrostatic precipitators (ESPS);
» Fabric filters

6.2.6.2 Step 2 - Boilers: Eliminate Technically Infeasible Options

Electrostatic Precipitators

Electrostatic precipitation (ESP) technology is applicable to a variety of coal combustion
sources. ESPs remove particulate matter from the flue gas stream by charging fly ash
particles with a very high dc voltage and attracting these particles to grounded collection
plates. A layer of collected particulate forms on the collecting plates and is removed by
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rapping the plates. The collected ash particles drop into hoppers below the precipitator and
are periodically removed by the fly ash handling system.

Fabric Filters

Fabric filtration has been widely applied to coal combustion sources since the early 1970s
and consists of a number of filtering elements (bags) along with a bag cleaning system
contained in a main shell structure incorporating dust hoppers. Fabric filters use fiber glass
fabric bags as filters to collect particulate matter. The particulate-laden gas enters a fabric
filter compartment and passes through the bags and through a layer of accumulated
particulate matter collected on the fabric of the filter bags. The collected particulate matter
forms a filter cake layer on the bag that enhances the bag's filtering efficiency. However,
excessive caking will increase the pressure drop across the fabric filter. When this occurs,
the fabric filter is placed into a cleaning cycle and the excess particulate matter is removed
by the ash handling system.

Fabric filters are effective in meeting NSPS emission requirements on coal-fired boilers.
Fabric filters have been used as a control technology of choice on projects where LAER

review is required. Unlike precipitators, fabric filter design is not based on any physical
properties of the fly ash.

6.2.6.3 Step 3 — Boilers: Rank Remaining Control Technologies by Control Effectiveness

The fabric filter is more effective at capturing fine particulate than an ESP because ESP’s
tend to selectively collect larger particles. Large particles have a high mass to surface area
ratio, which allows a charged particle tc be efficiently dragged through the flue gas stream
for collection on a grounded plate. Ultra fine particles have a low terminal velocity and
cannot carry a strong enough electrical charge to result in complete collection.

The fabric filter is also more effective at collecting fly ash generated from western low sulfur
coals such as those combusted at the Council Bluffs Energy Center. ESP’s operate by first
electrostatically charging for collection and then discharging the fly ash particles for
removal in the ash handling system. Western low sulfur coal fly ash has a very high
electrical resistivity that makes it difficult for the ESP to charge and discharge the particles.
One solution that has been attempted on western power plants is the use of a hotside
precipitator that operates at approximately 800°F as opposed to approximately 250°F
operating temperature used on most ESP’s. However even with this change in operating
temperature, the ESP is still less effective at collecting fly ash in western power plants than
is the fabric filter. The use of a fabric filter is also the preferred particulate control device for
following a dry lime scrubber.

6.2.6.4 Step 4 - Boilers: Evaluate Most Effective Controls and Document Results

No negative environmental impacts have been identified for use of a fabric filter to control
particulate emissions from pulverized coal boilers. There is, however, a high energy
demand for this system. Energy is required to overcome the complete system’s (fabric filter
and associated ductwork) 8-12 inches water gauge pressure drop, and miscellaneous loads
such as electric hopper heating. As baghouse filters are thought to represent the most
effective PM/PM), control technique that can be applied to PC boilers, no economic
evaluation is required. However, for information purposes, a cost analysis has been
prepared and is included in Appendix E. The estimated capital cost of a pulse-jet fabric fiiter
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for CBEC Unit 4 is $41,479,200. The estimated annual fixed and variable Q&M costs are
$1,977,778. The total annualized cost is $8,371,139 and the cost effectiveness per ton of PMie
removed is $252.

6.2.6.5 Step 5 — Boilers: Select BACT

The recent addition at the Kansas City Power and Light Hawthorn Station was permitted
with a PMy filterable emission rate of 0.018 Ib/MMBtu based on the use of a fabric filter.
Based on the above analysis and the EPA NSR RBLC clearinghouse data base available for
recent years (refer to Tables E-3 and E-4 in Appendix D), a fabric filter with a filterable PM
emission rate of 0.020 Ib/mmBtu based on a 3-hour rolling average and a filterable PMo
emission rate of 0.018 Ib/mmBtu based on a 3-hour rolling average, is selected as BACT for
this project.

Unit 4 Cooling Tower

6.2.6.6 Step 1~ Cooling Tower: Identify All Control Technologies

The only control method for reducing PM/PM;o emissions from cooling towers is the use of
drift eliminators.

6.2.6.7 Step 2 - Cooling Tower: Eliminate Technically Infeasible Options
Drift eliminators are technically feasible for this project and will be used.

6.2.6.8 Step 3 - Cooling Tower: Rank Remaining Control Technologies by Control Effectiveness
Drift eliminators are the only control method.

6.2.6.9 Step 4 - Cooling Tower: Evaluate Most Effective Controls and Document Results

Drift eliminators are the only control method. The industry state of the art drift eliminators
for mechanical cooling towers have a control efficiency of 0.0005% (gallons of drift per
gallon of cooling water flow).

6.2.6.10 Step 5 — Cooling Tower: Select BACT

Drift eliminators are the only control method identified for control of PM/PMje emissions
from cooling towers. Based on the above analysis and the EPA NSR RBLC clearinghouse
data base available since 1990 (refer to Table E-5 in Appendix D), drift eliminators with a
control efficiency of 0.0005% is chosen as BACT for this project.

Unit 4 Coal, Ash, Lime and Urea Handling Systems

. 6.2.6.11 Step 1 - Coal, Ash, Lime and Urea Handling Systems: {dentify All Control Technologies

PM and PMjp will be emitted from the handling of the coal for the power plant, the ash that
results from the combustion process, lime that is used as a reagent for the lime spray dryer,
and urea that is used to generate ammonia for the SCR. These emissions are fugitive dust
that comes from the various transfer points in the handling systems for these materials.

The potential technologies that can be used to control the fugitive dust emissions are as
follows for the various operations:
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Coal Pile: Potential control technologies for the active coal storage pile include the use of an
enclosed storage barn or the use of water sprays and dust suppression chemicals on an
outside pile. Water sprays and dust suppression chemicals are potential control technologies
for inactive (long-term storage) coal piles. '

Coal Handling: Potential control technologies for coal transfer and handling operations
include the use of enclosures vented to fabric filters. Telescopic chutes can be utilized for
coal unloading onto storage piles.

Coal, Flyash/FGD Waste, Lime and Urea Storage: Storage silos and associated transfer
operations can be vented to fabric filters for control.

Flyash/FGD Waste Haul Roads: Potential technologies for control of fugitive emissions on
haul roads are the use of paved roads, the use of covered haul trucks, the use of water
sprays, the use of dust suppression chemicals, or the use of street sweepers.

6.2.6.12 Step 2 - Coal, Ash, Lime and Urea Handling Systems: Eliminate Technically Infeasible
Options

All of the potential control technologies listed in Step 1 are technically feasible.

6.2.6.13 Step 3 - Coal, Ash, Lime and Urea Handling Systems: Rank Remaining Control
Technologies by Control Effectiveness

Generally the use of fabric filters where possible is the most effective control option. In
locations where fabric filters can not be used, the use of water sprays and dust suppresswn

.chemicals are the most effective control methods.

6.2.6.14 Step 4 - Coal, Ash, Lime and Urea Handling Systems: Evaluate Most Effective Controls
and Document Results

Fabric filters are the control method of choice where the dust source can be completely
enclosed in a building. For dust sources that can not be completely enclosed, the use of
water sprays and dust suppression chemicals are the control methods of choice.

The preliminary design for CBEC Unit 4 was to include an enclosed active coal storage barn.
However, the capital cost estimate for the enclosure is $51,000,000. Mid American believes
that this cost cannot be justified for the incremental improvement in fugitive emissions
control versus the use of best operating practices and water sprays on an open pile. The air
quality modeling was conducted based on open storage of the active pile.

Chemical binding (dust suppression chemicals) will be used on the inactive coal pile

New and modified coal handling operations (EP-159, Transfer Conveyor Bay; EP-160, Unit 4
East Coal Silos; EP-161, Unit 4 West Coal Silos; EP-6, Modified Rotary Car Dumper; and EP-
13, Modified Transfer House 4) will have enclosures with fabric filters for dust control. The
fabric filters have a maximum outlet grain loading of 0.010 gr/dscf.

The Flyash/FGD Waste vacuum system exhausters (EP-168, EP-169, EP-170) and the Lime
Handling (EP-162) will use filter separators with a maximum outlet grain loading of .010
gr/dscf.
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The Flyash /FGD Waste Silo {EP-167) and the Urea Silos (EP-164A, EP164-B) will have vent
fabric filters with a maximum outlet grain loading of 0.020 gr/dscf.

Mid American will use a paved road, covered trucks and street sweepers for dust control on
the Flyash/FGD Waste haul road.

6.2.6.15 Step 5 - Coal, Ash, Lime and Urea Handling Systems: Select BACT

Fabric filters are BACT for the transfer points, silos and crusher houses on the coal handling
system. For the rail unloading stockout pile and the active coal storage pile, dust
suppression is BACT. The inactive coal storage pile will be controlled by the application of a
chemical binder. The coal will also be treated with a dust suppression chemical as it is
transferred from the rail unloading facility to the storage pile. Fabric filters are also BACT
for the transfer points and silos on the ash, lime and urea handling systems.

6.2.7 Lead Analysis

Lead emissions will be emitted from the boiler. Lead will accumulate as a component of the
fly ash and control technologies that are effective in controlling particulate matter emissions
will also control lead emissions.

6.2.7.1 Step 1 - Identify All Control Technologies
Two control technologies for the boilers have been identified for lead control:

* Electrostatic precipitators (ESPs);
e Fabric filters

6.2.7.2 Step 2 ~ Eliminate Technically Infeasible Options
Electrostatic Precipitators

Electrostatic precipitation technology is applicable to a variety of coal combustion sources.
ESPs remove particulate matter from the flue gas stream by charging fly ash particles with a
very high dc voltage and attracting these particles to oppositely charged collection plates. A
layer of collected particles forms on the collecting plates (electrodes) and is removed by
rapping the electrodes. The collected ash particles drop into hoppers below the precipitator
and are periodically removed by the fly ash handling system.

Fabric Filters

Fabric filtration has been widely applied to coal combustion sources since the early 1970s
and consists of a number of filtering elements (bags) along with a bag cleaning system
contained in a main shell structure incorporating dust hoppers. Fabric filters use fiber glass
fabric bags as filters to collect particulate matter. The particulate-laden gas enters a fabric
filter compartment and passes through the bags and through a layer of accumulated
particulate matter collected on the fabric of the filter bags. The collected particulate matter
forms a filter cake layer on the bag that enhances the bag's filtering efficiency. However,

- excessive caking will increase the pressure drop across the fabric filter. When this occurs,

the fabric filter is placed into a cleaning cycle and the excess particulate matter is removed
by the ash handling system.
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Fabric filters are effective in meeting NSPS emission requirements on coal-fired boilers.
Fabric filters have been used as a control technology of choice on projects where LAER

review is required. Unlike precipitators, fabric filter design is not based on any physical
properties of the fly ash.

6.2.7.3 Step 3 - Rank Remaining Control Technologies by Control Effectiveness

The fabric filter is more effective at capturing fine particulate than an ESP because ESP’s
tend to selectively collect larger particles. Large particles have a high mass to surface area
ratio, which allows a charged particie to be efficiently dragged through the flue gas stream
for collection on a charged plate. Ultra fine particles have a low terminal velocity and cannot
carry a strong enough electrical charge to result in complete collection.

The fabric filter is also more effective at collecting fly ash generated from western low sulfur
coals such as those combusted at Council Bluffs Energy Center. ESP’s operate by first
electrostatically charging for collection and then discharging the fly ash particles for
removal in the ash handling system. Western low sulfur coal fly ash has a very high
electrical resistivity that makes it difficult for the ESP to charge and discharge the particles.
One solution that has been attempted on western power plants is the use of a hotside
precipitator that operates at approximately 800°F as opposed to approximately 250°F
operating temperature used on most ESP’s. However even with this change in operating
temperature, the ESP is still less effective at collecting fly ash in western power plants than
is the fabric filter.

6.2.7.4 Step 4 - Evaluate Most Effective Controls and Document Results

No negative environmental impacts have been identified for use of a fabric filter to control
particulate emissions from pulverized coal boilers. There is, however, a high energy
demand for this system. Energy is required to overcome the complete system'’s (fabric filter
and associated ductwork) 8-12 inches water gauge pressure drop, and miscellaneous loads
such as electric hopper heating. As baghouse filters are thought to represent the most
effective PM/PMjy control technique that can be applied to PC boilers, no economic
evaluation is warranted.

6.2.7.5 Step 5 - Select BACT

The EPA NSR RBLC clearinghouse database shows four comparable sources related to lead.
They are shown in Table E-6 in Appendix D. Based on the above analysis and the
clearinghouse data, a fabric filter preceded by a dry lime FGD system are selected as BACT
for the control of lead emissions for this project.

6.2.8 Fluoride Analysis

Fluoride compounds will be emitted from the boilers from the combustion of coal. The
fluoride compounds will be mainly in the gaseous form of hydrogen fluoride in the flue gas
exiting the boiler.

6.2.8.1 Step 1 - Identify All Control Technologies

Two control technologies for fluoride control of flue gas from the boilers have been
identified:
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* Wet Limestone/Lime FGD
¢ Spray dryers followed by fabric filters

6.2.8.2 Step 2 - Eliminate Technically Infeasible Options
Wet Limestone/Lime FGD

Wet SO, scrubbers operate by flowing the flue gas upward through a large reactor vessel
that has an alkaline reagent (i.e. lime or limestone slurry) flowing down from the top. The
scrubber mixes the flue gas and alkaline reagent using a series of spray nozzles to distribute
the reagent across the scrubber vessel. The calcium in the reagent reacts with the fluoride in

the flue gas to form calcium fluoride that is removed from the scrubber with the sludge and
is disposed.

The creation of sludge from the scrubber does create a solid waste handling and disposat
problem. This sludge needs to be handled in a manner to not result in ground water
contamination. Also, the sludge disposal area needs to be permanently set aside from future

" surface uses since the disposed sludge can not bear.any weight from such uses as buildings

or cultivated agriculture.

Spray Dryer Followed by Fabric Filter

Spray dryers operate by flowing the flue gas through a large vessel. In the top of the vessel

is a rapidly rotating atomizer wheel through which lime sturry is flowing. The rapid speed
of the atomizer wheel causes the lime slurry to separate into very fine droplets that intermix
with the fiue gas where the fluorides in the flue gas react with the calcium in the lime slurry
to form particulate calcium fluoride. This dry material is captured in the fabric filter along
with the fly ash and calcium sulfate from the sulfur removal process.

Fabric filtration has been widely applied to coal combustion sources since the early 1970s
and consists of a number of filtering elements (bags) along with a bag cleaning system
contained in a main shell structure incorporating dust hoppers. Fabric filters use fiberglass
fabric bags as filters to collect particulate matter. The particulate-laden gas enters a fabric
filter compartment and passes through the bags and through a layer of accumulated
particulate matter collected on the fabric of the filter bags. The collected particulate matter
forms a filter cake layer on the bag that enhances the bag's filtering efficiency. However,
excessive caking will increase the pressure drop across the fabric filter. When this occurs,
the fabric filter is placed into a cleaning cycle and the excess particulate matter is removed
by the ash handling system.

6.2.8.3 Step 3 ~ Rank Remaining Control Technologies by Control Effectiveness
Either control technology will achieve 90% or greater control of fluorides.

6.2.8.4 Step 4 - Evaluate Most Effective Controls and Document Results

Either approach can achieve 90% or greater control of fluorides. No negative environmental
impacts have been identified for use of a spray dryer absorber followed by a fabric filter to
control fluoride emissions from pulverized coal boilers. The use of a wet scrubber has the
negative environmental impact of wet sludge disposal.
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6.2.8.5 Step 5 -Select BACT

The EPA NSR RBLC clearinghouse database shows six comparable sources related to
fluoride. They are shown in Table E-7 in Appendix D. Five of the sources determined that
the use of a dry lime scrubber followed by a fabric filter was BACT. The other source
selected an electrostatic precipitator followed by a wet limestone FGD system as BACT for
fluoride.

Based on the technology and clearinghouse database discussion above, a spray dryer FGD
system followed by a fabric filter are selected as BACT for the control of fluoride emissions
for this project.

6.3 Case-by-Case MACT Demonstration for Hazardous Air
Pollutants

6.3.1 Background

MidAmerican Energy Company (MidAmerican) is proposing the addition of a nominal 750
Megawatt (MW) net pulverized coal-fired boiler at its existing facility located in Council
Bluffs, Iowa. The new Council Bluffs Energy Center (CBEC) Unit 4 coal-fired boiler will
burn Powder River Basin (PRB) subbituminous coal, and will be equipped with a lime spray
dryer flue gas desulfurization system for acid gas control, fabric filters for fine particulate
control and SCR for Nitrogen Oxides control. Combustion controls will be used to minimize
products of incomplete combustion (PIC’s) such as carbon monoxide (CO) and volatile
organic compounds (VOC). This combination of control technologies will also provide
substantial control of the other Hazardous Air Pollutants (HAPs) emitted from the proposed
coal-fired boiler.

The EPA’s regulations for case-by-case MACT, which were promulgated in 1996, are set out
in 40 CFR Part 63, Subpart B. Those regulations require case-by-case determinations of
MACT by the Title V permitting authority for each major source of HAP which is
constructed or reconstructed after the effective date of the 112(g) program. For electric
utility steam generating units, the case-by-case provisions contain an exemption from
applicability “unless and until such time as these units are added to the source category
list.” On December 14, 2000, the EPA announced that it was adding coal- and oil-fired
power plants to the section 112(c) list of sources (65 FR 79825; December 20, 2000).
Therefore, each coal or oil-fired electric utility steam generating unit which is constructed or
reconstructed is now subject to the case-by-case provisions of the Act until the EPA
promulgates a nationally applicable MACT standard to address hazardous air pollutants for
this source category. The EPA expects to promulgate a final standard in December 2004.

Pursuant to 40 CFR Part 63, Subpart B, case-by-case MACT determination must be made by
the permit applicant for each new unit that has emissions above the major source threshold
for HAPs. This document represents the case-by-case MACT determination for the CBEC
Unit 4, as required for a new major source of HAPs.
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6.3.2 Applicability of 112(g) Requirements

Table 6-4 presents a summary of projected potential emissions of hazardous air pollutants
emitted from CBEC Unit 4. These emission estimates have been derived from HAP
constituent analyses of PRB coal, EPA’s AP-42 emission factor database and estimates of
levels of control expected based on the configuration of the proposed boilers. We note that
AP-42 factors represent the average of many field tests, and that HAP constituents of coal
ash are highly variable. For these reasons, these values should not be construed to represent
short-term compliance limits based on a one-time stack test.

TABLE 64
Annual Emission Estimate of Hazardous Air Pollutants
Hazardous Air Pollutant Emissions (TPY)
Total PCDD/PCDF" 0.00051
PAH® 0.044
Other Organic Compounds® © 19301
HCl 59.873
HF* 22.153
Antimony® 0.038
Arsenic® 0.861
Beryllium® 0.044
Cadmium® 0.107
Chromium® 0.546
Cobait® 0.210
Lead® : 0.882
Mang.'s\nese6 1.030
Mercury® 0.169
Nickel® 0.542
Seleniurn® 2.731
Total 108.537

1. AP-42, Section 1.1, Table 1.1-12 (EPA September 1998).
2. AP-42, Section 1.1, Table 1.1-13 (EPA September 1998).
3. AP-42, Section 1.1, Table 1.1-14 (Sep.lember 1998).
4. AP-42, Section 1.1, Table 1.1-15 (September 1998).

5. Estimated Mercury emissions provided by Sargent & Lundy. 20%
control efficiency based on fabric filter/dry lime FGD combination.

6. AP-42, Section 1.1, Table 1.1-18 (September 1998).
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It can be seen from Table 6-4 that based on these emission estimates, two HAPs (Hydrogen
Chloride and Hydrogen Fluoride) will potentially exceed annual emissions of 10 tons per
year (tpy) and total HAPs will exceed 25 tpy. For purposes of new source permitting, CBEC
Unit 4 is being treated as major source for HAPs, and will employ case-by-case MACT for
these pollutants.

6.3.3 Case-by-Case MACT Analysis

6.3.3.1 Case-by-Case MACT for Non-Mercury HAP Metals

The particulate matter emitted from CBEC Unit 4 will include entrained metals that are
contained in coal. These metals will include arsenic, beryllium, cadmium, chromium, lead,
manganese, nickel, and vanadium.

As noted in the BACT analysis for PM presented in Section 6.2 herein, the top control option
is a fabric filter baghouse. The control options for non-mercury HAP metals are those
identified in the BACT analysis for PM, and the control efficiencies for non-mercury HAP
metals correspond to the control efficiencies for PM. Thus, it is concluded that a fabric filter
baghouse represents case-by-case MACT for non-mercury HAP metals.

As was also noted in the BACT analysis, the proposed BACT emission limit of 0.020 Ib PM
per MMBtu heat input (0.018 1b/MMBtu for PMip) is the most stringent limit identified for
any coal-fired boiler of any type. Based on precedent established by U.S. EPA in establishing
MACT standards for several categories of sources emitting non-mercury HAP metals, a PM
emission limit is an effective surrogate for individual HAP metals emission limits and is an
acceptable format for expressing the MACT standard. For example, U.S. EPA described its
rationale for setting PM emission limits in the proposed iron & steel MACT standard:

“For the proposed rule, we decided that it is not practical to establish individual standards
for each specific type of metallic HAP that could be present in the various processes (e.g.,
separate standards for manganese emissions, separate standards for lead emissions, and so
forth for each of the metals listed as HAP and potentially could be present). When released,
each of the metallic HAP compounds behaves as PM. As a result, strong correlation exists
between air emissions of PM and emissions of the individual metallic HAP compounds. The
control technologies used for the control of PM emissions achieve comparable levels of
performance on metallic HAP emissions. Therefore, standards requiring good control of PM
will also achieve good control of metallic HAP emissions. Therefore, we decided to establish
standards for total PM as a surrogate pollutant for the individual types of metallic HAP. In
addition, establishing separate standards for each individual type of metallic HAP would
impose costly and significantly more complex compliance and monitoring requirements and
achieve little, if any, HAP emissions reductions beyond what would be achieved using the
surrogate pollutant approach based on total PM.”

For the above reasons, and in light of the precedent established by U.S. EPA in setting
MACT standards using a surrogate pollutant, it is determined that the BACT emission limit
for PM will suffice as MACT standards for non-mercury HAP metals for CBEC Unit 4.
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6.3.3.2 Case-by-Case MACT for Acid Gas HAPs

Fluoride emissions from coal-fired boilers result from trace concentrations of fluoride-
containing compounds in the fuel. These emissions occur primarily in the form of hydrogen
fluoride. In addition, hydrogen chloride emissions will occur as a result of chloride-
containing compounds present in the fuel. Both hydrogen fluoride and hydrogen chloride
are HAT’s subject to the case-by-case MACT requirement.

The control options and relative control effectiveness hierarchy is the same for hydrogen
chloride and hydrogen fluoride. The top control option for these acid gases is same as that
for SO, A lime spray dryer is considered the top control technology for these acid gases.
Thus, it is concluded that this control equipment configuration at 90% acid gas control
represents case-by-case MACT for hydrogen fluoride and hydrogen chloride.

6.3.3.3 Case-by-Case MACT for Organic HAPs including Dioxin/Furans

The emissions of the organic compounds depend on the combustion efficiency of the boiler.
Therefore, combustion modifications that change combustion residence time, temperature,
or turbulence may increase or decrease concentrations of organic compounds in the flue gas.
Organic emissions include volatile, semivolatile, and condensable organic compounds either
present in the coal or formed as a product of incomplete combustion (PIC). Organic
emissions are primarily characterized by the criteria pollutant class of unburned vapor-
phase hydrocarbons. These emissions include alkanes, alkenes, aldehydes, alcohols, and
substituted benzenes (e.g., benzene, toluene, xylene, and ethyl benzene). The remaining
organic emissions are composed largely of compounds emitted from combustion sources in
a condensed phase. These compounds can almost exclusively be classed into a group known
as polycyclic organic matter (POM), and a subset of compounds called polynuclear aromatic
hydrocarbons (PAH). Polycyclic organic matter is more prevalent in the emissions from coal
combustion because of the more complex structure of coal.

While trace quantities of organic PIC HAPs will be emitted, these are well controlled by
implementation of BACT for CO/VOC and PMio, which also represents case-by-case MACT
for these HAP species.

Emissions of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans
(PCDD/PCDF) also result from the combustion of coal. Of primary interest environmentally
are tetrachloro- through octachloro- dioxins and furans. Dioxin and furan emissions are
influenced by the extent of destruction of organics during combustion and through
reactions in the air pollution control equipment. The formation of PCDD/PCDF in air
pollution control equipment is primarily dependent on flue gas temperature, with
maximum potential for formation occurring at flue gas temperatures of 450 degrees to 650
degrees Fahrenheit.

The formation of dioxin in a combustion source is dependent on the presence of chlorine
and complex unburned hydrocarbon chains which may recombine within a certain
temperature window of the process as the gases cool. For example, PCB incinerators have
been identified with high dioxin emission levels due to the extreme resistance to complete
thermal destruction of this “engineered” complex hydrocarbon molecule and the presence
of substantial chlorine. Coal combustion, on the other hand, is a process designed to
completely burn organic hydrocarbons at high temperature and ample excess oxygen in the

© B2




presence of only trace amounts of chlorine. Note that the PRB coal to be burned in CBEC
Unit 4 contain very low levels of chlorine, which will limit formation of any chlorine
compounds to a fraction of EPA’s published generic AP 42 factors for coal combustion.
Further, what chlorine is emitted will be effectively captured by the proposed dry lime
scrubber acid gas control system, and any dioxin that does form will be captured within
unburned carbon (LOI) and other adsorbents deposited on the filter cake of the baghouse.

Activated carbon injection {ACI) has been shown to be effective at controlling high dioxin
emissions from incinerators. In this case, the dioxin emission level is simply too low to be
effectively captured by the inherent adsorbents in the baghouse filters. The trace levels of
chlorine in the CBEC Unit 4 coal and flue gas, combined with the unburned carbon (LOI)
associated with combustion of subbituminous PRB coal, yields an effective carbon
adsorption mechanism for the trace levels of dioxin which might be emitted from CBEC
Unit 4. There is no evidence that any additional or measurable dioxin control could actually
be achieved by the injection of additional carbon in the proposed unit.

The premise that ACI would result in measurable dioxin control beyond levels achieved by
the best controlled similar source is entirely speculative. Good combustion controls and
adsorption onto western coal ash and LOI in a fabric filter, therefore, represents case-by-case
MACT for control of dioxin and organics from the proposed CBEC Unit 4.

6.3.3.4 Case-by-Case MACT for Mercury

EPA has specifically targeted Mercury (Hg) for new MACT standards to be developed by
2003, and has determined that mercury is the HAP of primary concern from coal-fired
utility boilers. The control level approved as case-by-case MACT in this application may be
revised in the future based on EPA’s promulgation of a MACT rule. The starting point of
this case-by-case MACT demonstration, therefore, is to establish the lowest mercury
emission rate that has been achieved in operating pulverized coal-fired boilers on PRB
subbituminous coal, and then adjusting that value to the coal-specific mercury content of
the coal burned at CBEC Unit 4. This represents the minimum level of mercury control that
would qualify as case-by-case MACT, “the emission limitation which is not less stringent
than the emission limitation achieved in practice by the best controlled similar source”.

The analysis also requires consideration of alternative levels of control which go beyond
that of the best controlled similar source, i.e. “which reflects the maximum degree of
reduction in emissions that the permitting authority, taking into account the cost of
achieving such emission reduction, and any non-air quality health and environmental
impacts and energy requirements, determines is achievable by the [proposed] source.”
These MACT emission levels are considered in the following sections.

6.3.3.4.1 Mercury Emissions

Mercury (Hg) is a naturally occurring constituent of soil and mineral deposits, including
deposits of coal. When coal is burned, any trace quantities of mercury present is vaporized
at the high temperatures within the furnace section of the boiler. In the presence of chlorine,
a portion of the gaseous mercury may react to form mercuric chloride (HgCla), with most of
the remaining mercury emitted as a gas in elemental form. The speciation of the emitted
mercury depends on the coal composition (primarily the ash and chlorine content), the
combustion system, and the time and temperature history of the flue gas.
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The other primary variable affecting mercury emissions is the quantity of mercury
contained in the particular coal being burned. Western coals exhibit generally lower
mercury content than eastern coals. Testing conducted at CBEC on PRB subbituminous coal
for the EPA Mercury ICR showed an uncontrolled coal mercury concentration of 1.0030x10+
lb/ton.

6.3.3.4.2 Mercury Control Levels and Alternatives

The case-by-case MACT determination for CBEC Unit 4 contained in this application
focuses on the application of the best level of mercury control being achieved in practice by
similar utility scale pulverized coal-fired boilers burning PRB subbituminous coals, and then

evaluating the practical potential for achieving even greater levels of control using available
technology.

The application for MACT must demonstrate how the project will obtain a degree of
emission reduction that is at least as stringent as the emissions reduction that would have
been obtained had EPA promulgated MACT standards for mercury control for this source
category. EPA has indicated that it does plan to promulgate a MACT standard for the
source category of coal-fired steam electric generating units by 2003.

Very limited mercury emission rate data is available for pulverized coal-fired boilers in
general. EPA has gathered test data from a number of various coal-fired utility boilers for
mercury, particularly within the last few years. This “snapshot” sampling was conducted on
coal-fired utility boilers ranging from smaller to larger, new to archaic, wall and tangential
fired, with various coal types and properties, and various combinations of air pollutant
control equipment. Even within apparently similar units, the data are highly variable, and
this variability is not yet fully understood. Because of the many variables that make each
tested unit somewhat unique, and unexplained variability within the data itself, it is difficult
at this time to determine a precise emission factor and degree of control that would apply to
the proposed units. For example, for boilers burning western coals, available data did not
identify a clear advantage one way or the other for units that employed wet scrubbers and
electrostatic precipitators versus units that employed spray dryers and fabric filters.

Although many pilot-scale tests have been performed and a few demonstration projects are
scheduled for alternative approaches to mercury control, existing coal plants use either
spray dryer/fabric filter, electrostatic precipitator, or electrostatic precipitator/wet FGD
systems. Flue Gas Desulfurization (FGD) systems may control HgCl: to 85 to 95% but are
not effective in treating elemental mercury. Conversely, elemental mercury can be adsorbed
onto activated carbon and ash particles, particularly on units that employ fabric filters, a
technique that has been employed for mercury control in certain incineration processes.
Since mercury is emitted from the combustion of PRB subbituminous coals primarily in the
form of elemental mercury (due to its lower chlorine content), adsorption with fabric filters
should provide the maximum level of control for these particular units.

The USEPA has generated the ICR database for PRB coal firing with various control
equipment combinations. The average mercury content in the PRB coal was approximately
9.1 Ib/trillion Btu. On average, the ICR data showed the flue gas to have mercury speciated
as approximately 10% particulate mercury, 15% to 20% ionic mercury, and 55% to 90%
elemental mercury. Some units had as low as 1% particulate mercury, as low as 5% ionic
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mercury, and as high as 90% elemental mercury. Due to such a broad range in the speciation
of the mercury, definitive predictions of the overall mercury removal efficiency will be very
difficult. From the ICR database, almost 90% to 99% particulate mercury is collected in the
baghouse, and approximately 10% of the elemental mercury is collected in the baghouse
due to adsorption on ash. However, a close scrutiny of these data reveals that these units
had a high level of mercury as particulate mercury (25%) and a low level as elemental
mercury (35%). The combination of spray dryer FGD/baghouse at Craig Unit 3, Rawhide,
and Sherburne County Station shows an average mercury removal of 25% with a range of
0% to 47%. Based on the chloride level in the CBEC Unit 4 fuel, it is estimated that
approximately 20% to 25% of the mercury will be removed in the spray dryer
FGD/baghouse system.

The possibility of oxidizing mercury in the SCR catalyst is very remote, but very limited
experience and no significant data are available. Due to the high alkalinity in the PRB coal, it
would be very difficult to oxidize elemental mercury to ionic mercury as most of the
available chlorine would be reacted with alkali to form stable chloride compounds.
Therefore, unless proven otherwise, it would not be prudent to take credit for elemental
mercury oxidation due to the SCR catalyst while burning PRB coal.

A fabric filter combined with the use of the lime spray dryer flue gas desulfurization system
has in the past been determined to represent the best technology for control of mercury from
the combustion of subbituminous western coal from new utility scale PC boilers. Therefore,
the lime spray dryer FGD/baghouse is the mercury control technology proposed for CBEC
Unit 4.

6.3.3.4.3 Identification of Best Controlled Similar Source

Tucson Electric Power Company was issued a revision to the Title V permit for construction
and operation of their Springerville Generating Station Unit 3 and 4 on April 29, 2002. Both
of these units are pulverized coal fired units that will use a lime spray dryer and baghouse.
The case by case emission limit for mercury for each of these units was established as 6.9
lbs/trillion Btu. The predicted mercury emissions from CBEC Unit 4 are 5.01 Ib/trillion Btu.

Based on the coal and manufacturers data , we conclude that the mercury emission rate for
CBEC Unit 4 burning PRB coal would be lower than this permitted Springerville Generating
Station. However since the emission rate of mercury is depended on concentration of
mercury in the coal and is highly variable, we suggest that efficient operation of the lime
spray dryer and baghouse be used as surrogate for establishing compliance for mercury
emissions. The efficient operation of the baghouse and lime spray dyer is established by
demonstration of compliance with the BACT emission limits for PM and SO..

6.3.4 Data Required by 40 CFR 63.43

The content of an application for a case-by-case MACT determination is described in 40 CFR
63.43. The following sections correspond to the case-by-case MACT application content
prescribed in 40 CFR 63.53 (e).

i. The name and address (physical location) of the major source to be constructed or
reconstructed
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Council Bluffs Energy Center Unit 4 is proposed to be located on the exisﬁng MidAmerican
Plant site at 2115 Navajo Street, Council Bluffs, Iowa. The facility is a major source of

hazardous air pollutants (i.e. greater than 10 tpy of HCI and HF and greater than 25 tpy of
total HAPs), as shown in Table 6-4.

ii. A brief description of the major source to be constructed or reconstructed and
identification of any listed source category or categories in which it is included.
The Council Bluffs Energy Center Unit 4 Project consists of one nominal 750 MW (net)
pulverized coal-fired utility steam-electric generating unit. The applicable source category is
“utility steam-electric generating units”. The coal fired boiler is the source requiring new
source MACT. The boiler is to be equipped with a lime spray dryer for acid gas control and
fabric filter for PM and PM control.

iii. The Expected date of Commencement of Construction

Construction of the Council Bluffs Energy Center Unit 4 is expected to commence by
June 2003 (site preparation).

iv. The Expected Date of Completion of Construction
Construction is expected to be completed in October 2006.

v. The Anticipated Date of startup of operation
Start up of the Unit 4 is anticipated in October 2006.

vi. The HAP emiited by the constructed major source, and the estimated emission rate
for each such HAP

The hazardous air pollutants projected to be emitted annually from the coal-fired boiler are
summarized in Table 6-4. These values are estimates based on EPA APP-42 emission factors
and vendor data, properties of proposed coal to be fired and maximum rated heat input.
Additional details on emissions is provided in Table 6-6 for Polynuclear Aromatic
Hydrocarbons, Table 6-7 for other Organic Chemical, Table 6-8 for acid gases and Table 6-9
for trace metals.

vii.  Any federally enforceable emission limitations applicable to the constructed or
reconstructed major source
Federally enforceable emission limits will be established in the PSD permit as Best Available
Control Technology requirements. In addition, 40 CFR 60 Subpart Da and 40 CFR 72-75 are
also applicable federal requirements for this proposed Council Bluffs Energy Center Unit 4.

viii. The maximum and expected utilization of capacity of the constructed or reconstructed
major source, and the associated uncontrolled emission rates for that source

The Unit 4 boiler, in theory, may operate for the full 8,760 hours of any given year. The
annual HAP emission rates provided in Table 6-4, Table 6-6, Table 6-7 , Table 6-8 and Table
6-9 are based on a capacity factor of 100%. The uncontrolled emissions are calculated after
excluding all add on controls. However, combustion controls that are inherent to the boiler
have been taken into account in calculating uncontrolled emissions. No calculations have
been provided for the uncontrolled PAHs and other organic compounds as the combustion
controls are mainly utilized for controlling emissions of these chemicals.

ix. The controlled emissions for the constructed or reconstructed major source in tons
per year at expected and maximum utilization capacity

6-25




The controlled emissions of HAPs are provided in Table 6-4, Table 6-6, Table 6-7, Table 6-8
and Table 6-9. These annual emissions are also calculated based on a 100% capacity factor
but taking into account all proposed air pollution control devices. Hourly emissions are
calculated at the rated capacity of the boiler.

x. Arecommended emission limitation for the constructed or reconstructed major
source consistent with the principles set forth in paragraph (d) of this section

Table 6-5 provides recommended emission limits, averaging time and test method for each
HAP or category of HAP.

TABLE 6-5
Proposed Emission Limits _

HAP Category Surrogate Pollutant Emission Limit Averaging Time Test Method
Organics Cco 0.16 Ib/MMBtu N/A Reference Method 10
Acid Gases Lile ) 0.12 Ib/MMBtu 30 day rolling CEM for SO,
Trace Metals PM 0.020 th/MMBtu 3 hour rolling Reference method 5
Mercury 80, PM Same as above Same as ahove Same as above

xi. The selected control technology to meet the recommended MACT emission fimitation,
including technical information on the design, etc.
As stated previously, MACT for HAPs from CBEC Unit 4 burning PRB subbituminous coal
is concluded to be control technology capable of demonstrating BACT for CO, VOC, PMyp
and SO:». Technical information on the design of the proposed control technology is
provided in the PSD application in Sections 6.1 and 6.2.

1
Xii.  Supporting documentation including identification of alternative control technologies

considered, and analysis of cost of non-air quality health environmental impacts or
energy requirements for the selected control technology
The project is required to meet Best Available Control technology for the CO and VOC as
well as PMo. This combination of technology also represents the most stringent control that
has been demonstrated in practice for HAPs control from similar PC utility boilers burning
PRB subbituminous coal; less effective control technologies would not satisfy BACT
requirements, and hence no alternatives analysis is required.

Xiii.  Any other relevant information required pursuant to subpart A
No other relevant information has been identified.
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TABLE 66

Polynuclear Aromatic Hydrocarbons

Controlled’ Controlled
Compounds® Emissions Ib/hr Emissions ton/yr
Biphenyl 8.15E-04 3.57E-03
Acenaphthene 2.45E-04 1.07E-03
Acenaphthylene 1.20E-04 5.26E-04
Anthracene 1.01E-04 4 42E-04
Benzo{a)anthracene 3.84E-05 1.68E-04
Benzo(a)pyrene 1.82E-05 7.97E-05
Benzo(b,j,k}fluoranthene 5.28E-05 2.31E-04
Benzo(g,h,l)perylene 1.30E-05 5.69E-05
Chrysene 4 80E-05 2 10E-04
Fluoranthene 3.41E-04 1.49E-03
Fluorene 4.37E-04 1.91E-03
Indenof{1,2,3-cd)pyrene 2.93E-05 1.28E-04
Naphthalene 6.24E-03 2.73E-02
Phenanthrene 1.30E-03 5.69E-03
Pyrene 1.58E-04 6.92E-04
5-Methyl chrysene 1.06E-05 4.64E-05

! AP-42 Section 1.1, Table 1.1-13 (9/1998)

2USEPA - TTN, Unified Air Toxics website, Section 112 Hazardous Air Paollutants,

{8/21/2000)




TABLE 6-7

Other Organic Compounds including dioxin and furans

Controlled’ Controlled
Compounds’ Emissions Ib/hr Emissions tonfyr

Acetaldehyde 2.73E-1 1.20E+00
_Acetophenone 7.20E-03 3.15E-02
Acrolein 1.39E-01 6.09E-01
Benzene 6.24E-01 2.73E+00
Benzyl chloride 3.36E-01 1.47E400
Bis(2-ethylhexyl)phthalate (DEHP) 3.50E-02 1.53E-01
Bromoform 1.87E-02 8.19E-02
Carbon disulfide 6.24E-02 2.73E-01
2-Chloroacetophencne 3.36E-03 1.47E-02
Chlorobenzene 1.06E-02 4.64E-02
Chloroform 2.83E-02 1.24E-01
Cumene 2.54E-03 1.11E-02
Cyanide 1.20E+00 5.26E+00
2,4-Dinitrotoluene 1.34E-04 5.87E-04
Dimethyl sulfate 2.30E-02 1.01E-01
Ethyl benzene 4.51E-02 1.98E-01
Ethyl chioride 2.01E-02 8.80E-02-
Ethylene dichioride 1.92E-02 8.41E-02
Ethylene dibromide 5.76E-04 2.52E-03
Formaldehyde 1.15E-01 5.04E-01
Hexane 3.21E-02 1.41E-01
Isophorone 2.78E-01 1.22E+00
Methyl bromide 7.68E-02 3.36E-01
Methyl chloride 2 54E-01 1.11E+00
Methyl ethyl ketone -1.87E-01 8.19E-01
Methyl hydrazine  B.15E-02 3.57E-01
Methyt methacrylate 9.59E-03 4.20E-02
Methyl tert butyl ether 1.68E-02 7.368E-02
Methylene chloride 1.39E-01 6.09E-01
Phenol 7.68E-03 3.36E-02
Propionaldehyde 1.82E-01 7.97E-01
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TABLEG-7

Other Organic Compounds including dioxin and furans

C|:>mp.vouncls2

Controlled’

Controlled

Emissions Ib/hr Emissions tonfyr

Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
Styrene

Xylenes

Vinyl acetats

Total PCDD/PCDF

2.06E-02
1.156-01
9.59E-03
1.20E-02
1.77E-02
3.65E-03
1.17E-04

9.02E-02
5.04E-01
4.20E-02
5.26€E-02
7.75E-02
1.60E-02
5.12E-04

! AP-42 Section 1.1, Table 1.1-14 (9/1998)

2 USEPA —TTN, Unified Air Toxics website, Section 112 Hazardous Air Pollutants,

(8/21/2000)

3Uncontrolled emissions were calculated based on a controf efficiency of 90%.

TABLE 6-8
Acid Gas Emissions
Uncontrolled Uncontrolled Controlled Controlled
Emissions® Emissions Emissions’ Emissions
Compounds?® Ib/hr tons/yr Ib/hr tonsfyr
HCI 136.70 598.73 13.67 59.87
HF 50.58 221563 5.06 22.15

' AP-42 Section 1.1, Table 1.1-15 (9/1998)

ZUSEPA —TTN, Unified Air Toxics website, Section 112 Hazardous Air Poilutants, (8/21/2000)

Uncontrolled emissions were calculated based on a control efficiency of 90%.
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TABLE 6-9
Trace Metal HAPS Emissions from CBEC Unit 4

Uncontrolled* Uncontrolled® Controlled' Controlled’
Compounds® Emissions Ib/hr Emissions ton/yr Emissions Ib/hr Emissions tonfyr
Antimony 2.88E+00 1.26E+01 8.63E-03 3.80E-02
Arsenic - 6.56E+01 2.87E+02 1.97E-01 8.61E-01
Beryllium 3.36E+00 1.47E+01 1.01E-02 4 41E-02
Cadmium B.15E+00 3.57E+01 2.45E-02 1.07E-01
Chromium 4 16E+01 1.82E+02 1.25E-01 5.46E-01
Cobalt 1.60E+01 7.00E+01 4.80E-02 2.10E-1
Lead 6.72E+01 2.94E+02 2.01E-01 8.82E-01
Manganese 7.84E401 3.43E+02 2.35E-01 1.03E+00
Mercury’ 4 81E-02 2.11E-01 3.856-02 1.69E-01
Nickel 4 13E+01 1.81E+02 1.67E-01 5.42E-01
Selenium 2.08E+02 9.10E+02 6.24E-01 2.73E+00

! AP-42 Section 1.1, Table 1.1-18, (9/1998)
2USEPA - TTN, Unified Air Toxics website, Section 112 Hazardous Air Pollutants, (8/21/2000)

3Estimated Mercury emissions provided by Sargent & Lundy. Uncontrolled mercury emissions estimated to be
0.0481 Ib/hr at maximum load, 20% control efficiency based on fabric filter/dry lime FGD combination, controlled
mercury emissions of 0.0385 ib/hr at maximum load.

*Uncontrolted emissions of trace metals except mercury were calculated based on the control efficiency of the
fabric filter (99.79%). Uncontrolled emissions for mercury were calculated using a control efficiency of 20%.

6.3.5 MACT Compliance

Since the combustion controls, spray dryer and fabric filter have been determined to be
MACT for the combustion of PRB coal, for CBEC Unit 4, compliance will be by
demonstrating proper operation of the these control technologies to meet suggested
emission limnits. A detailed Compliance Assurance Monitoring (CAM) Plan has been
proposed for ensuring continuous compliance with PM1p, NOx and SO; emission limits (see
Section 8). Adherence to this CAM plan will similarly‘ensure that the control technology is
performing at design efficiency for control of HAPs.

6.3.6 References

USEPA, 1998 Study of Hazardous Air Pollutant Emissions from Electric Utility Steam Generating
Units — Final Report to Congress.

USEPA, 1998 AP-42, Fifth Edition, Section 1.1, “Bituminous and Subbituminous Coal
Combustion” (9/1998).
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SECTION 7.0

Air Quality Impact Analysis

This section presents a detailed description of the air quality impact analysis for the Council
Bluffs Energy Center (CBEC) Unit 4 Project (CBEC4).

7.1 Project Overview

Mid American Energy Company (Mid American) is proposing to add a fourth unit to its
CBEC facility located near Council Bluffs, Jowa. The proposed coal-fired Unit 4 is planned
for a nominal net 750 megawatts (MW). Currently, the CBEC facility consists of three coal-
fired units: Unit 1 (43 MWhet), Unit 2 (88 MWhe), and Unit 3 (690 MWqer). The Unit 4 Project
will be supported by additional equipment that includes an auxiliary boiler, an emergency
generator, a diesel engine/fire pump, a cooling tower, and equipment associated with the
handling of coal and other material.

At the request of Mid American, CH2M HILL has conducted an air quality impact analysis
as part of the Prevention of Significant Deterioration (PSD) permit application for the
project. Representatives of Mid American and CH2M HILL met with DNR personnel on
June 19, 2002 for a discussion of the air quality modeling and permitting requirements for
the project. CH2M HILL presented a modeling protocol to the DNR on June 27, 2002, and
DNR sent (via e-mail) a letter to CH2M HILL dated July 3, 2002 that provided approval of
the protocol. The modeling analysis described in this section was performed in conformance
with the approved protocol.

7.2 Project Description

Mid American proposes to expand the CBEC with a coal-fired Unit 4. Although currently
operating with three units, the CBEC was designed for possible expansion, and some of the
infrastructure is already in place to handle an additional generating unit.

The CBEC is located approximately 4 kilometers (km) southeast of Council Bluffs, lowa on
the eastern bank of the Missouri River at an approximate base elevation of 970 feet above
mean sea level (msl). Figure 2-1 from Section 2 of this document presents a vicinity map for
the CBEC. Terrain near the facility rises gradually from the river basin to an elevation of
approximately 1,300 feet msl within approximately 6 km to the southeast of the facility
boundary. Within 30 km of the facility, terrain does not exceed 1,350 feet. Figure 7-1 shows
the terrain near the CBEC.
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FIGURE 7-1
Terrain Features Near the CBEC

7.3 Source Designation

The proposed project will constitute a major modification to a major stationary source with
respect to the PSD rules established under the Federal New Source Review program. The
existing CBEC belongs to one of the 28 categorical sources listed under PSD regulations that
are assigned a major source threshold of 100 tons per year of any regulated pollutant (fossil-
fuel boilers, combinations thereof, totaling more than 250 million British thermal units per
hour heat input). The goals of the air quality modeling analysis were to demonstrate
compliance with state and federal air quality regulations that are applicable to the proposed
project. CH2M HILL performed a dispersion modeling analysis for each criteria pollutant for
which the annual emission rate was equal to or greater than the significant emission rates for
PSD analysis (Table 7-1). Table 7-2 summarizes the modeling significance levels, PSD
increments, and air quality standards that apply to criteria pollutant emissions from the
project.
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TABLE 7-3
Emissions Levels That Trigger Requirements for Dispersion Modeling

Prevention of Significant Deterioration
Significant Emission Rates

Pollutant (tons/year)
Cco 100
NOx 40
502 40
PM/PMyo 25/15
lLead 0.6
Notes:
CcoO = Carbon monoxide
NOx = Nitrogen oxides
PM = Particulate matter
PMwg = Particulate matter less than 10 microns
TABLE 7-2
Air Quality Standards Applicable 1o the Project
National
Class I Class | Significant Ambient Air
Averaging Modeling Class I PSD PSD Monitering Quality
Period/ Significance increment Increment  Concentrations Standard
Pollutant  Level (ug/m’) (ng/m’) (pg/m’) (ug/m’) (pg/m®)
Annual NO2 1 (NOx) 25 2.5 14 100
3-hour SO» 25 512° 252 NS 1,300°
24-hour SO 5 91* 5° 13 365°
Annual SO, A 20 2 NS 80
24-hour PMyp 5 30" g° 10 150°
Annual Pl 1 17 4 NS 50
0.1 15
Lead (Pb) NS NS NS (quarterly} (quarterly)
1-hour CO 2,000 NS NS NS 40,000°
8-hour CO 500 NS NS 575 10,000
? Not to be exceeded more than once per year.
Notes:
ug/m® =  micrograms per cubic meter
CO = Carbon monoxide
NQ: = Nitrogen dioxide
NOx = Nitrogen oxides
NS = No standard
PMio = Particulate matter less than 10 microns
PSD = Prevention of Significant Deterioration

50, Sulfur dioxide
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7.4 Area Classifications

The CBEC is located in Pottawattamie County, fowa. The proposed project is situated in an
area that is designated as attainment for all criteria pollutants, while the surrounding areas
are designated as Class II areas for PSD permitting.

7.5 Model Selection

Air quality impacts from the CBEC Unit 4 Project were determined with the latest version of
the EPA Industrial Source Complex Short-Term (ISCST3) model that incorporates enhanced
building downwash algorithms. The enhanced downwash algorithms are referred to as
Plume Rise Model Enhancements (PRIME), and the model, ISC-PRIME, is being evaluated
by EPA as the next generation building downwash model. Although ISC-PRIME has been
recommended by the EPA to be added to the list of EPA-preferred models, it is currently
considered an “alternative” model. While the enhanced algorithms in ISC-PRIME will
provide better performance for estimates of building downwash effects, the model is based
on the EPA ISCST3 model, which is the latest generation of the EPA’s ISC short-term model.
The ISCST3 model is recommended for predicting impacts from industrial point sources, as
well as area and volume sources. The model combines simple terrain and complex terrain
algorithms, and therefore accounts for the effects of elevated terrain on all modeled plumes.

Because the determination of the acceptability of the use of ISC-PRIME as an alternative
model is an EPA Regional Office responsibility, DNR obtained approval from EPA Region
VII for CH2M HILL to use ISC-PRIME for this project.

7.6 Model Input Defaults/Options

The ISC-PRIME model was used with regulatory default options as recominended in the
EPA Guideline on Air Quality Models (Appendix W of 40 CFR Part 51; EPA, 2000) as listed
below:

» Use stack-tip downwash (except for Schulman-Scire downwash)

» Use buoyancy-induced dispersion {except for Schulman-Scire downwash)
+ Do not use gradual plume rise (except for building downwash)

o Use the calms processing routines

¢ Use upper-bound concentration estimates for sources influenced by building downwash
from super-squat buildings

» Use default wind profile exponents
» Use default vertical potential temperature gradients

The land surrounding CBEC in all directions is open country with no significant
development. Therefore, rural dispersion coefficients were utilized within the ISC-PRIME
model. Point sources were modeled with stack heights that did not exceed good engineering

practice (GEP) stack height. Building downwash parameters for the point sources at the

CBEC facility (including the cooling tower cells) were determined with the latest version of
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the EPA Building Profile Input Program (BPIP) designed for the ISC-PRIME model (BPIP,
version 95086).

7.7 Modeling Receptors

7.7.1 Receptor Configuration

The base receptor grid for ISC-PRIME modeling consisted of receptors that were placed at
the CBEC ambient air boundary, and Cartesian-grid receptors that were placed beyond the
boundary at spacing that increased with distance from the origin. The base grid originated
at the approximate proposed location of the Unit 4 boiler stack. Ambient boundary
receptors were placed at 50-meter {m) intervais along a line that represents the physical
barrier (fence) that restricts public access to the facility. Beyond the ambient boundary,
receptor spacing was as follows:

* 100-m spacing from the boundary to 1 km beyond the ambient boundary in all
directions

* 250-m spacing from beyond the 100-m receptors to 5 km from the origin

¢ 500-m spacing from beyond 5 km to 10 km from the origin

* 1,000-m spacing from beyond 10 km to 30 km from the origin

CH2M HILL supplemented the base receptor grid with receptors at closer (tighter) receptor
spacing, where appropriate, to ensure that the maximum points of impact were identified.

1.7.2 Receptor Elevations

Terrain in the vicinity of CBEC was accounted for by assigning elevations to each modeling
receptor. CH2M HILL used Digital Elevation Model (DEM) data from the U.S. Geological
Survey (USGS) to determine receptor elevations. We obtained DEM data from the USGS
National Elevation Dataset (NED). The NED has been developed by merging the highest-
resolution, best-quality elevation data available across the United States, and is the result of
the maturation of the USGS effort to provide 1:24,000-scale (7.5-minute} DEM data for the
entire continental United States. Figure 7-1 shows the terrain features near the CBEC, as
derived from the NED data.

7.8 Meteorological Input Data

Meteorological input to the ISC-PRIME model included five years (1987-1991) of data from
Omaha, Nebraska. Sequential hourly surface data and concurrent upper-air data (mixing
heights) have been combined into model-ready format for previous modeling of the CBEC.
The surface data were collected at Eppley Airfield in Omaha, while the upper-air data were
collected at the Omaha National Weather Service Station. Figure 7-2 presents a wind rose for
the 1991 data.
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7.9 Emission Source Characterization

CH2M HILL modeled the various emission sources at the CBEC as point, area, and volume
sources, depending on the nature of the particular source. Sources that emit from a stack,
including PMipsources from the cooling towers celis and material handling dust collectors,
were modeled as point sources.

Fugitive emissions from storage piles were modeled as area sources within ISC-PRIME.
Area source length and width approximated the actual dimensions of the piles. The area
sources were elevated at heights that represented 2/3 of the average maximum heights of
the piles. ' '

Fugitive emissions from traffic over haul roads were modeled as a series of volume sources.
Volume source parameters for the haul roads were taken in part from the EPA document
Modeling Fugitive Dust Impacts from Surface Coal Mining Operations — Phase II Model Evaluation
Protocol (EPA, 1994). The source height of the haul road volume sources was 2 meters, as
based on the statement from the EPA document that the maximum mass flux from haul
road dust plumes occurs at that height. Initial vertical dispersion terms (3 m) for the haul
road volumes were also be taken from the EPA document. The separation distance of the
volume sources was set at 100 feet (two road widths), in accordance with recommendations
in the User’s Guide For The Industrial Source Complex (ISC3) Dispersion Models, Volume I ~ User
Instructions (EPA, 1995). Initial horizontal dimensions for the volume sources were
determined from the separation distance and Table 3-1 in the ISC3 User’s Guide using the
factor for a “line source represented by separated volume sources”:

Center to center distance (30.48 m} divided by 2.15 =142 m

Material transfer emission points that are not controlled by dust collectors or other control
equipment were also modeled as volume sources. These volume sources were elevated at an
appropriate height representative of the actual release height of the source, and with initial
dimensions that approximate the actual lateral and vertical extent of the source.

The point, area, and volume sources were placed where actual operations for the CBEC
occur. Form MI-1 (in map pocket of Appendix A) shows the general layout of the CBEC
area, and the location of the various modeled sources.

Detailed emissions calculations for each modeled source are presented in Appendix F, and
listings of other source input parameters (source heights, stack diameters, exhaust
temperatures, efc.) are presented in Appendix C.

7.10 Preliminary Analysis Overview

For a preliminary analysis of the impacts from the CBEC Unit 4 Project, CH2M HILL
compared the maximum model-predicted impacts from the sources associated with the
project to the modeling significance levels for Class II areas. The ISC-PRIME model was run
with the full five-year record (1987-1991) of meteorological input for each pollutant and
averaging period. If the predicted impacts were greater than or equal to the modeling,
significance levels for any pollutant, CH2M HILL conducted a full impact analysis for
compliance with the National Ambient Air Quality Standards (NAAQS) and PSD
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increments. The determination of preliminary impacts for the proposed project sources was
made using the highest modeled impact for each pollutant and averaging period.

Previous modeling of the existing emission units at the CBEC by the lowa Department of
Natural Resources (DNR) has indicated predicted exceedances of the PMi NAAQS with
actual and potential emissions and predicted exceedances of the SO; NAAQS with potential
emissions. A compliance plan that will be made federally enforceable to mitigate these
predicted exceedances was submitted by Mid American to the DNR in July of 2002. Because
of this history, a NAAQS modeling analysis for PMioand SO: for all CBEC sources
(including Unit 4 Project sources) is automatically part of this air quality analysis (regardless
of the results of the preliminary analysis), and is described in detail in a later section of this
document.

7.10.1 Screening Analysis for Unit 4

CH2M HILL began the Unit 4 Project preliminary analysis by performing a screening
analysis of the Unit 4 boiler at various operating conditions. Operation at full load and at
selected reduced loads (75 percent and 50 percent) were evaluated to determine which
operating condition produces the worse-case predicted impacts for short-term averaging
periods. This screening analysis was performed in accordance with guidance found in
Section 9.1 of Appendix W of 40 CFR Part 51 (EPA, 2000). The load condition that yielded
the highest impacts for a particular pollutant/averaging period was used to represent Unit 4
in subsequent modeling analyses. Table 7-3 presents the exhaust characteristics for the Unit
4 screening analysis. Table 7-4 presents the results of the analysis. The highest impact found
for each pollutant and averaging period over the full five-year record of meteorological
input data is reported in Table 7-4. Operation at full (100 percent) load yielded the highest
impacts for all pollutants and all short-term averaging periods, and therefore full load was
used to represent Unit 4 in all subsequent modeling analyses.

TABLE 7-3
Input Parameters for Unit 4 Load Screening

Parameter 100% Load 75% Load 50% Load
Exit Velocity (m/s) 28.3 20.2 15.0
Exhaust Temperature (K) 347 347 347
50, Emissions (g/s) 116.0 82.9 57.5
PMio Emissions (g/s) 24.6 17.6 12.2
CO Emissions (g/s) 148.6 : 106.1 736
Notes:
co = Carbon monoxide
o/s = Grams per second
K = Kelvin
m/s = Meters per second
PMio = Parliculate matter less than 10 microns

S0; = Sulfur dioxide
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TABLE 74
Results of Unit 4 Load Screening

Maximum Predicted Maximum Predicted Maximum Predicted
impact for 100% Load impact for 75% Load Impact for 50% Load
Parameter (ng/m®) (ng/m®) (rg/m®)
3-Hour SO2 39.0 32.4 279
24-Hour SO, 9.4 8.3 6.6
1-Hour CO - 97.2 71.8 59.9
‘8-Hour CO 23.4 21.6 18.6
24-Hour PMio 2.0 1.8 1.4
Notes:
CcO = Carbon monoxide
PMyo = Particulate matter less than 10 microns
S0; = Sulfur dioxide
ug/m® = micrograms per cubic meter

7.10.2 Preliminary Analysis for Carbon Monoxide (CO)

Two sources of CO emissions were modeled for the Unit 4 Project preliminary analysis, the
Unit 4 boiler and the Unit 4 auxiliary boiler. Because these two sources will not operate
simultaneously, they were evaluated separately. The Unit 4 boiler was modeled with
exhaust parameters and emissions reflective of the load condition (100%) that was found to
produce the highest short-term impacts, as described in Section 7.10.1.

The highest 1-hour CO impact for the Unit 4 boiler was 97.2 pg/m3. This predicted impact
occurred 1.2 km southeast of the Unit 4 boiler stack at the ambient boundary for the CBEC.
Impacts for the auxiliary boiler were much lower, with a maximum 1-hr impact of only

6.1 pg/m?3. These predicted impacts were both well below the Class II modeling significance
level of 2,000 g/ m?for 1-hour CO.

For 8-hour CO, the highest impact for the Unit 4 boiler was 23.4 pug/m?. This predicted
impact occurred 1.1 km south-southeast of the Unit 4 boiler stack, less then 400 meters south
of the CBEC ambient boundary, in an area of 100-m receptor spacing. As with the predicted
1-hour impacts, predicted impacts for the auxiliary boiler were much lower, with a
maximum 8-hr impact of only 2.9 pg/m3. These predicted impacts were both well below the
Class Il modeling significance level of 500 pg/m? for 8-hour CO.

Because the preliminary analysis demonstrated that the Unit 4 Project will not produce a
significant impact of CO, no further analysis of the project’s CO impacts was conducted.
Table 7-5 present the results of the preliminary analysis for CO impacts.
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TABLE7-5
Results of Preliminary Analysis for CO

Maximum Predicted Maximum Predicted Class Il Modeling
Impact for Unit 4 Boiler Impact for Unit 4 Significance Level
Averaging Period (ng/m?) Auxiliary Boiler (ug/m?) {(ug/m®)
1-Hour CO 97.2 6.1 2000
8-Hour CO 234 29 500
Notes:
co = Carbon monoxide

,uglrn:' = micrograms per cubic meter

7.10.3 Preliminary Analysis for Nitrogen Oxides (NOx)

For the preliminary analysis of the impacts of NOx emissions for the Unit 4 Project, the Unit
4 boiler and the Unit 4 auxiliary boiler were modeled together, with NOx emission rates.that
reflect the potential annual operating conditions for each source. The Unit 4 boiler was
modeled with exhaust parameters and emissions reflective of the load condition {100%) that
would persist for an annual period of operation. For the Unit 4 auxiliary boiler, an annual
average emission rate for NOx was calculated from the potential annual hours of operation
(2,500) for the source.

The highest predicted annual impact of NOx with the base ISC-PRIME receptor grid was
0.39 pug/m?. This predicted impact occurred approximately 18 km to the north of the Unit 4
boiler stack, and is well below the Class Il modeling significance level of 1.0 pg/m3for
annual NOx. To further refine this estimated impact, a fine-spaced receptor grid with 100-
meter spacing was built around the maximum course-grid receptor. With this fine-spaced
grid, the maximum estimated annual impact was 0.46 ug/m3. The preliminary analysis
demonstrated that the Unit 4 Project will not produce a significant impact of annual NOx.

7.10.4 Preliminary Analysis for Sulfur Dioxide (SO)

For a preliminary analysis of the SO; impacts for the Unit 4 Project, the Unit 4 boiler and the
Unit 4 auxiliary boiler were modeled separately for short-term (3-hour and 24-hour)
impacts. The Unit 4 boiler was modeled with exhaust parameters and emissions reflective of
the load condition (100%) that was found to produce the highest short-term impacts, as
described in Section 7.10.1. Short-term impacts for the auxiliary boiler were modeled with
the maximum hourly SOz emission rate expected from that source. For annual impacts, the
two sources were modeled together. The emission rate for the auxiliary boiler was an annual

average emission rate that was calculated from the potential annual hours of operation
{2,500) for that source.

The highest predicted 3-hour SO, impact for the Unit 4 boiler alone was 39.0 ug/m3. This
impact exceeded the Class Il modeling significance level of 25.0 pg/m? for 3-hour SO,.
Predicted 24-hour impacts for the Unit 4 boiler also exceeded the Class Il modeling
significance level of 5.0 pg/m?, with a maximum modeled impact of 9.4 pg/m3. Short-term
impacts from the Unit 4 auxiliary boiler by itself were well below Class I modeling
significance levels. Annual impacts for the Unit 4 boiler and the Unit 4 auxiliary boiler
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together were below the modeling significance level of 1.0 pg/m?, with a maximum
modeled impact of 0.58 pg/m?3.

With predicted 3-hour and 24-hour impacts for the Unit 4 boiler exceeding the Class II
modeling significance levels, we next determined the impact area for SO,. The impact area
for a particular pollutant, as described in the draft EPA New Source Review Workshop Manual
(EPA 1990), is “a circular area extending from the source to the most distant point where
approved dispersion modeling predicts a significant impact will occur”. The impact area
will define the area over which the analyses for NAAQS compliance and PSD increment
consumption will be performed. For a given pollutant, the impact area is determined for
each averaging period, and the area used for a given pollutant is the largest of the impact
areas. For the Unit 4 Project, the largest impact area has a radius of 18.1 kilometers. Table 7-6
presents the results of the preliminary analysis for 5O..

TABLE 76
Resuits of Preliminary Analysis for SO,
Maximum Predicted Maximum Predicted Class Il Modeling
Impact for Unit 4 Boiler Impact for Unit 4 Significance Level
Averaging Period (ng/m*) Auxiliary Boiler (ug/m®) (ug/m®)
3-Hour SO» 39.0 5.7 25
24-Hour SO- 9.4 3.4 5
Annual SOz ~ 0.58 0.58 1

* Annual impacts were determined by modeling the proposed Unit 4 and the Unit 4 auxiliary boiler
Notes:

S0, = Sulfur dioxide
pg/m® = micrograms per cubic meter

7.10.5 Preliminary Analysis for Fine Particulate Matter (PMo)

The preliminary analysis for PMieincluded the Unit 4 boiler, the Unit 4 cooling tower, and
sources associated with material handling for the new unit. Dust collectors will serve as
emissions controls and emission points for several new systems that will transfer and
process coal for use with the new unit. Additionally, several coal-handling systems will be
modified for the Unit 4 Project, including dust collectors associated with the following:

¢ Rotary Car Dumper
e Transfer House 4

Other types of material that will be handled for Unit 4 operation include fly ash, lime, urea,
and FGD waste. Emissions from the systems that handle these materials will be controlled
by vent bag filters or filter separators. These sources were modeled as point sources within
the ISC-PRIME model, as were dust collectors and the Unit 4 cooling tower cells.

Fugitive emission sources associated with the Unit 4 Project include the transfer of coal to
coal storage piles, wind erosion/maintenance of the storage piles, and emissions arising
from traffic over paved haul roads. All of the fugitive sources were modeled as volume
sources within ISC-PRIME, with the exception of wind erosion/maintenance of storage



piles, which were modeled as area sources. Model inputs for the haul road volume sources
and the storage pile area sources were described earlier in Section 7-9.

Model results indicated that the modeling significance levels would be exceeded for 24-hour
and annual PMyo. The radius of significant impact for 24-hour PMjowas 7.4 km, and for
annual PMio, 3.8 km. The larger of the two impact areas was chosen as the area within
which to conduct the full-impact analysis. Table 7-7 presents the results of the preliminary
analysis for PMio.

TABLE 7-7
Results of Preliminary Analysis for PMao

Class il Modeling

Maximum Predicted Significance Level
Averaging Period Impact (ug/m®) (ng/m*)
24-Hour PMyp 26.9 5
Annual PMyq 4.5 1
Notes:
PMio = Particulate matter less than 10 microns

,ug!m3 = micrograms per cubic meter

7.10.6 Preliminary Analysis for Lead

Estimated lead emissions from the proposed CBEC Unit 4 Project exceed the PSD significant
emission rate of 0.6 tons per year. Because no modeling significance level has been
established for lead impacts, CH2M HILL conservatively modeled total lead impacts by
including emissions from Units 1 through 4 and the auxiliary boilers at the CBEC. The
modeled lead impacts were compared to the NAAQS for lead of 1.5 pg/m?. Because the
NAAQS for lead is set for an averaging period of a calendar quarter, the ISC-PRIME model
was run for quarterly periods representing January through March, April through June, July
through September, and October through December for each of the five years of
meteorological input data.

The highest modeled lead impact for a calendar quarter of 0.0015 pg/m? was estimated for
the fourth quarter of 1989. This estimated impact occurred at the south CBEC fenceline.
Because the estimated maximum impact is three orders of magnitude lower than the
NAAQS for lead, and because background levels of lead in the vicinity of the CBEC are
assumed to be negligible, the modeling analysis demonstrates that the NAAQS for lead will
not be threatened by the proposed Unit 4 Project or the existing facility together with the
Unit 4 Project.

7.11 Full Impact Analysis

As described above, the Class II modeling significance levels were exceeded for 3-hour and
24-hour SO; and 24-hour and annual PMyo. Full-impact analyses were conducted for these
pollutants and averaging periods to demonstrate compliance with the NAAQS and PSD
increments. For the full-impact analyses, CH2M HILL modeled sources at CBEC and
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outside sources as provided the DNR, the City of Omaha, and the Nebraska Department of
Environmental Quality (DEQ).

7.11.1 Background Concentrations and Air Quality Monitoring

Background concentrations represent all air pollution sources other than those that are
explicitly modeled. Commonly, the impacts of distant background sources are accounted for
by using appropriate, monitored air quality data (i.e., a background concentration). For full-
impact analyses pertaining to NAAQS compliance, background concentrations were added
to the model-predicted impacts for comparison to the NAAQS. As directed by DNR, CH2M
HILL used the background concentrations that were used by DNR for recent modeling of
the existing sources at CBEC:

Annual NO;: 14 ug/m3

3-hour, 24-hour, and annual SO2: 20 pg/m3
24-hour PMjo: 52 pg/m?

Annual PMp: 26 pug/m3

Post-construction monitoring is required if estimated air quality impacts exceed the PSD
significant monitoring concentrations listed in Table 7-2. This requirement is discussed in
more detail later in this document.

7.11.2 PSD Increment Analysis for Fine Particulate Matter (PMo)

To determine compliance with the allowable PSD increments for PMye, CH2M HILL
modeled increment-consuming sources and compared the predicted highest 2nd-high 24-
hour impacts to the aliowable Class II 24-hour increment of 30 pg/m?, and the highest
annual impact to the allowable Class II annual increment of 17 pg/m3. Sources associated
with Units 1 and 2 at CBEC were not included because Units 1 and 2 are not increment
consuming sources. Several material handling sources process material for each of the main
units at CBEC, but rather than attempt to subtract emissions associated with Units 1 and 2
only, these sources were conservatively modeled as if all processed material was associated
with the increment-consuming Units 3 and 4.

Actual emission rates were used for several sources, including the Unit 3 boiler stack and
the dust collectors associated with Transfer Towers 1, 2, and 3, and the coal silos for Unit 3.
The actual emissions for dust collectors were taken from stack test results. Source
parameters used for the increment analysis are summarized in Appendix C. Short-term,
maximum hourly emission rates were used to model 24-hour impacts for each source, and
also to conservatively model annual impacts for each source. Cutside sources from DNR,
the City of Omaha, and the Nebraska DEQ were also included. Specific emission rates for
use in increment modeling were provided by the DNR for the Bunge facility located
approximately 3 km to the south east, but all other outside sources were conservatively
modeled at PTE emission rates. Building profile parameters for the Bunge facility were also
provided by the DNR, and these parameters were included in the full-impact model runs
that included Bunge sources. Input parameters for the outside sources are listed in
Appendix C.
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For each of the five years of meteorological input, there were several receptors for which the
highest 2nd-high 24-hour impacts exceeded the allowable increment level of 30 pg/m3. Also
for each of the five years of meteorological input, there was a single receptor that yielded an
annual impact that exceeded the allowable annual increment level of 17 pg/m3. Each of
these high receptors were clustered near sources outside of the CBEC facility. Specifically,
the high receptors were located near 1) sources associated with the Bunge facility 3 km to
the southeast of CBEC, 2) sources associated with the IBP 7 km northwest of CBEC and
Griffin Pipe facilities 8 km to the northwest of CBEC, and 3) sources associated with the
Peoples Natural Gas facility 2 km to the northeast of CBEC. Figure 7-3 shows the relative
locations of CBEC, these other nearby sources and the high receptors.
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FIGURE 7-3
Nearby Sources and High Receptors for PM1a Increment Modeling
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TABLE 7-8
GBEC4 Contribution to Modeled Exceedances of PSD increment for PM1o

Class Il Modeling

Maximum Predicted Significance Level
Averaging Period Impact (ug/m®) (ng/m®)
24-Hour PMyg 33 5
Annual PMyg 0.36 1
Notes:
PMip = Particulate matter less than 10 microns

,ug/m3 = micrograms per cubic meter

The next step in the analysis was to determine if CBEC4 sources contributed significantly to
these modeled violations of the PSD increment. CH2M HILL created a receptor grid that
consisted only of the receptors that yielded violations of the PSD increments and used that
receptor grid to re-model the CBEC4 preliminary analysis for PMio. Results of this analysis
showed that the contribution from CBEC4 sources was below the Class Il modeling
significance levels for each year of meteorological input, as shown in Table 7-8. Therefore,

the CBEC4 Project does not significantly contribute to any modeled exceedances of the PSD
increment for PMe.

7.11.3 NAAQS Analysis for Fine Particulate Matter (PM;o)

The fuli-impact NAAQS analysis for PMio made use of the Pre-1997 Method for determining
compliance. The Pre-1997 Method consists of calculating the highest 6th-high 24-hour
average concentration for a five-year period and calculating the highest five-year average
for the “annual” value (“highest” means the receptor with the highest value, e.g. highest
6th-high or highest 5-year average). The 24-hour and annual impacts determined in this way
were compared to the 24-hour NAAQS for PM10 (150 ng/m?) and the annual NAAQS for
PMyp (50 I.Lg/ m3).

With the exception of auxiliary equipment (fire pumps and emergency generators) that were
modeled in‘a separate analysis, all PMjosources at CBEC and those associated with the
CBECA4 Project were included in the NAAQS analysis, with emission rates at potential-to-
emit (PTE). Qutside sources from DNR, the City of Omaha, and the Nebraska DEQ were
also included. Source parameters for the outside sources are listed in Appendix C.

The highest 6th-high 24-hour average concentration for the five-year period was 98.1 pg/m3.
With the addition of the 24-hour PMi background provided by DNR (52 pug/m3), this
modeled impact would exceed the 24-hour NAAQS. However, this modeled impact occurs
at a receptor that is located in the center of the sources that represent the Bunge facility. This
high receptor was one that was evaluated for significant impact from CBEC4 sources (as
described in the previous section), and was found to yield a contribution from CBEC4
sources below the modeling significance levels. The highest annual impact over the five-
year period was also predicted to occur at the same receptor within the Bunge facility. The
magnitude of the highest annual impact was 29.1 pg/m3. With the addition of the annual




PMygbackground provided by DNR (26 ug/m?3), this modeled impact would also exceed the
annual NAAQS. However, as with the highest 24-hour impact, CBEC4 sources do not
contribute significantly to this total. If the highest Bunge receptor is removed from the
analysis, all other receptors yield estimated impacts that, when added to the appropriate
DNR background, are below the 24-hour and annual NAAQS. The next highest 6th-high 24-
hour average (90.8 ug/m?3) occurs near the IBP facility, and the next highest annual impact
(15.2 ug/m3) occurs near the Bunge facility, both at receptors for which CBEC4 again does
not contribute a significant impact.

7.11.4 PSD Increment Analysis and NAAQS Analysis for Sulfur Dioxide (SO)

To determine compliance with the allowable PSD increments for SO,, CH2M HILL modeled
increment-consuming sources and compared the highest predicted 2nd-high 3-hour and 24-
hour impacts to the allowable Class II 3-hour increment of 512 pug/m3, and the 24-hour
increment of 91 pg/m3.

To determine compliance with the allowable NAAQS for SO, CH2M HILL modeled all
CBEC and all outside sources of SO;and added the appropriate background as provided by
the DNR. The highest predicted 2nd-high 3-hour and 24-hour total impacts were compared
to the 3-hour NAAQS of 1,300 ug/m?3and the 24-hour NAAQS of 365 ug/m3.

Sources associated with Units 1 and 2 at CBEC were not included in the increment modeling
because Units 1 and 2 are not increment consuming sources. Actual emission rates were
used for the Unit 3 boiler stack. Modeling results showed several receptors for which the
highest 2nd-hfgh 3-hour and 24-hour impacts exceeded the allowable increment levels, and
the 3-hour and 24-hour NAAQS (with the addition of the DNR background of 20 pg/m?3 for
both averaging periods). These high receptors were clustered near the sources associated
with the Griffin Pipe facility to the northwest of CBEC.

To determine if CBEC4 contributed a significant amount to the modeled exceedances, the
increment and NAAQS analyses were repeated with a reduced receptor grid that included
only those receptors that yielded a significant impact of 3-hour and 24-hour SO, from
CBEC4 sources. Table 7-9 shows the results of the analysis with the reduced receptor grid.
Predicted impacts for NAAQS compliance and PSD increment consumption were well
below allowable levels, thus indicating that the CBEC4 Project sources do not contribute to
any modeled violations for SO,.

TABLE 7-9
Summary of Full-impact SO» Modeling for Reduced Receptor Grid

National

Modeled Class Il Modeled Total Ambient Air
Averaging Increment PSD NAAQS Background NAAQS Quality
Period/ Impact Increment Impact Concentration Impact Standard
Pollutant (ug/m®) (hg/im’)  (ug/m’) (ng/m®) (ug/m’) (ug/m’)
3-hour SO, 143.8 512 901.3 20 921.3 1300

24-hour SO 39.0 a1 201.0 20 221.0 365
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7.11.5 NAAQS Analysis for Auxiliary Equipment

Short-term impacts of PMisand SO; from the Unit 4 Project sources that operate sporadically
or only in emergencies (emergency generator and the diesel engine/fire pump) were
modeled separately to ensure that impacts from these sources do not by themselves exceed
the short-term NAAQS for PMyand SO.. Table 7-10 presents the results of the analysis.
Maximum modeled impacts were added to DNR background to arrive at total impacts for
these sources. All short-term impacts were well below the NAAQS.

TABLE 7-10
Summary of NAAQS Modeling for Auxiliary Equipment
National
Background Ambient Air
Averaging Period/ Maximum Modeled  Concentration  Total NAAQS  Quality Standard

Pollutant Impact (ug/m®) (ng/m*) Impact (ug/m*) (ng/m®)
24-hour PMyg 53 52 57.3 150
3-hour SO; 18.0 20 38.0 1300
24-hour SOs 4.6 20 246 365

7.12 Growth Analysis

7.12.1 Work Force

CH2M HILL consulted with Council Bluffs Energy Center (CBEC) personnel to obtain
information on labor requirements and labor availability for the project, and made the
following determinations. Most of the approximately 1000 construction jobs (peak) needed
for the project will be filled by workers commuting to the site, many from the greater
Omaha/Council Bluffs metropolitan area. Of the permanent positions needed for the project
(up to 77), it is assumed that the majority will be filled by local workers with the remainder
filled by people who will relocate to the area. Even if all 77 positions were filled through
relocations, this represents less than 0.02 % of the population of the Omaha/ Council Bluffs
area.

7.12.2 Housing/industry

Due to the need for temporary and permanent positions for the project, there will be some
emissions associated with the construction of housing in the Council Bluffs area. However,
these emissions will be temporary and, because of the limited numbers of new homes
expected, are considered to be insignificant.

The small number of people that would be brought into the Council Bluffs area to support
the project is not expected to generate commercial growth. The expansion of CBEC is not
expected to generate industrial growth because operational and maintenance systems are
already in place for existing plant operations. Because there will be no associated
commercial or industrial growth expected, there will be no growth-related air quality
impacts.
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7.13 Soils and Vegetation Analysis

CH2M HILL conducted a search for information regarding sensitive soils, sensitive
vegetation, and vegetation with commercial or recreational value in the vicinity of CBEC. A
literature search was conducted to determine the ambient air pollution levels that may cause
damage to sensitive species or vegetation with commercial or recreational value. CH2M
HILL then compared the maximum impacts predicted with the ISC-PRIME model to the
levels of criteria pollutants that are known to produce damage to soil and vegetation, as
described later. '

Pottawattamie County has a significant amount of land under cultivation. In 2001, 545,500
acres were used for agricultural purposes. Pottawattamie County agriculture consists
mostly of corn, soybeans, hay/alfalfa, corn silage, and oats. According to the USDA,
National Agricultural Statistics Service, 215,100 acres were farmed for corn production,
230,700 acres were devoted to soybeans, and 35,000 acres were used for hay/alfalfa in 2001,
which is the most recent year that harvesting data were available.

The Gifford State Forest is a 40 acre stand located in Pottawattamie County. Cottonwood is
the primary tree species found in the area. American Elm, green ash, silver maple, boxelder,
mulberry, European black alder, and honey locust also grow in the forest (DNR, 2002).

Of the species identified in the Council Bluffs vicinity, alfalfa, oats and soybeans have been
identified as crops sensitive to pollutant effects. The exact tolerance of a given crop is
dependent on the particular horticultural varieties. Table 7-11 indicates levels of NOx which
have been found to result in plant damage for different species. Photosynthesis is found to
be inhibited in alfalfa at 2-hour NO»exposures of 4,105 pug/m? (Hill and Bennett, 1974). In
addition, a mixture of approximately 191 ug/m3 NOx and 265 ug/m3 of SO, administered
for 4 hours has been discovered to cause foliar injury to soybeans and oat.

CH2M HILL used the ISC-PRIME model to determine the maximum NOx and SO« impacts
that would result from the project. The worst case 3-hour SO« impact from the proposed
unit is 39 ug/m? while the worst case 3-hour NO, impact is 26 ug/m3. As a result, the worst-
case combined NO, and 50O, 3-hour impact is 65 ug/m?. All predicted concentrations are
well below those that would be expected to impact vegetation.

TABLE 7-11
Pollutant Effects on Species in the Council Bluffs Area
4-hour NOx Concentrations
which Result in 5% Foliar | Unit 4 Worst Case 3-hour
Species Category of Plant Injury NOx Conc_entration
Alfalfa, Oats Sensitive 3.76-11.28 mg/m®
Corn, Wheat Intermediate 9.4-18.8 mg/m® 0.026 mg/m®
Elder, Ash Tolerant > 16.92 mg/m®

Based on “Air Quality Criteria for Oxides of Nitrogen”, EPA/600/8-31/049bF, Vol. Il, August, 1993.

The DeSoto and Boyer Chute National Wildlife Refuges (NWR) are located approximately
53 and 43 kilometers, respectively, north of the CBEC facility. Based on modeling results, the
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addition of Unit 4 is not expected to have a significant impact beyond 18 kilometers.
Therefore, Unit 4 is not projected to have any impact at these two NWRs areas.

7.14 Visibility Impairment Analysis

CH2M HILL used the EPA VISCREEN model to estimate the Class II area visibility impacts
near the CBEC from the proposed project and the impact at the nearest Class I area, the
Mingo National Wildlife Refuge (Mingo NWR) in southeastern Missouri.

Additional air quality analyses were performed to assess the proposed facilities impact on
highway I-29 from fog and icing and visual range impacts in recreational areas. The
methods, input information, and results are discussed below.

Cooling Tower Impacts on {-29

Cooling towers are used to dissipate heat generated in the electrical power production.
Mechanical-draft “wet” cooling towers are proposed to cool the water from the condenser.
In a mechanical-draft cooling tower, fans force air into the cooling tower and through a fine
spray of heated water where evaporation cools the water stream and transfers heat to the
air. The warm moist air exhausts through the top of the cooling tower and comes in contact
with cooler ambient atmosphere where the water vapor condenses into fine water drops
creating a visible “steam” plume. As the plume mixes with more ambient air, the drops
eventually re-evaporate and the visible plume dissipates.

Fogging is assumed to occur when the visible plume reaches the ground, posing a potential
- hazard to nearby traffic. Icing occurs when the visible plume reaches the ground under
freezing conditions. Highway I-29 runs North/South along the plant’s eastern property
boundary. This analysis examines the potential for fogging or icing conditions to occur
along I-29.

The Seasonal/ Annual Cooling Tower Impact (SACTI) model was used to predict the
potential for fogging and icing conditions. This models was developed by Argonne National
Laboratories for the Electrical Power Research Institute (EPRI) in the mid 1980’s in order to
better evaluate impacts associated with water vapor plumes emitted from cooling towers.
The model comes with several modules: a meteorological data preprocessor, a plume drift
preprocessor, and several post-processors. Table 7-12 shows the general site parameters
used in this SACTI modeling. Mid American provided the cooling tower design and
_operational characteristics.

The model requires monthly clearness index values and total average daily solar insolation
values. For this analysis, values from the Omaha, NE airport as reported in Appendix B of
the SACTI Users Guide were used.

The SACTI model was designed to evaluate a single group of cooling towers that have
similar characteristics (e.g., type shape and exhaust characteristics). The Mid American
cooling towers for the CBEC Unit 4 facility contains a single tower housing with 18 cells.
Design parameters are summarized in Table 7-13.
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TABLE 7-12

General Input Parameters for the SACT! Modeling Analysis

Input Parameter Name Input Value Units/Comments
Site Latitude 41,1567 Decimal degrees
Site Longitude 91.8371 Decimal degrees
Zone [ Central time zone
Rural/Urban Switch 1 Rural mode
Surface Roughness 10 Centimeters
Mixing Height Type 2 Twice daily values
Year of Meteorological Data 1990
Surface Meteorology Station and Omaha WSFO #94918  Weather Service Field Office
Mixing Height Station Omaha, NE
No. of Representative Wind 3
Directions
Wind Directions 236, 281, 326 Degrees east of north
Reference Height 10 Meters
Evaluation Period Annual Full year evaluated
Maximum Downwind Distance 1600 Meters

TABLE 713

Cooling Tower Design Parameters Used in the SACTI Modeling Analysis

Cooling Tower

Input Parameter Name Input Value Units/Description
Number of Tower Housings 1
Tower Height 146 Meters
Tower Housing Length 131.7 Meters
Tower Housing Width 32.9é Meters
Number of Celis per Tower 18 Cells
Single Cell Diameter 104 Meters
Tower Effective Diameter 44.1 Meters
Total Heat Dissipation 97f Megawatts
Exhaust Air Flow Rate per cell 1,401,485 Actual cubic feet per min. at 103°F
Input Air Flow Rate 12,447 Kilograms per second




The SACTI model was run for a full year of meteorological data (1990) from the Weather
Service Field Office in Omaha, Nebraska. The meteorological data consisted of hourly
surface meteorological data observations and twice-daily mixing height data. Plume
characteristics were calculated for all 16 wind direction sectors. The maximum plume
dimensions for the critical (worst case) wind directions are summarized in Table 7-14. The
critical wind directions are selected based on the geometry of the cooling tower. For a
straight line of cells, representative wind directions would be parallel to the long axis,
perpendicular to the long axis and at 45 degrees (mid-way) to the long axis and are
generally directed toward I-29.

TABLE 7-14
Maximum Cooling Tower Plume Characteristics along the Critical Radials
MidAmerican CBEC Unit 4 Facility
Critical Wind Direction Maximum Plume Maximum Plume Maximum Plume
(direction from) Length {m) Height (m) Radius (m)
236 degrees east of north 10355 128.7 30.50

{perpendicular to long axis)

281 degrees east of north 1552.3+ 365.7+ 92.40+
{45 degrees to long axis)

326 degrees east of north 1552.5+ 3702+ 88.20+
(parallel to long axis)

+ indicates that the visible plume did not end within a centerline distance of 1600 meters

The highway I-29 is about 1,000 meters east of the cooling tower. Under most conditions the
plume dissipates before reaching the highway. The plume length is 1,000 meters or greater
only 19.97 percent of the time for all wind directions. The cooling tower plume travels over

the I-29 highway only 3.33 percent of the time, but during these times the plume is elevated
above the highway.

The SACTI model also calculates fogging and icing conditions. Fogging occurs only when
the visible plume strikes the ground; icing occurs when the visible plume reaches the
ground under freezing conditions. For the period evaluated, no fogging or icing conditions
along the I-29 highway were predicted.

Visual Range Impacts in Class || Recreational Areas

The nearest Class I area is the Mingo National Wildlife Refuge (NWR) in southeastern
Missouri. It is over 500 kilometers to the southeast of the plant site The plume impact from
CBEC Unit 4 has been calculated for this Class I area and compared to acceptable visibility
impacts for Class I areas. A plume from CBEC Unit 4 should not be visible in the Mingo
Class I area in Missouri.

There are several Class II parks and recreational areas within 15 kilometers (9.3 miles) of the
proposed facility. The plume from the CBEC4 stack may be visible in many of these areas.
There are no standards that define allowable reductions in visual range for parks and
recreational areas located in Class II areas, however, plume visibility parameters have been
calculated for public information. Table 7-15 list the Class I and Class II parks and
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recreational areas included in the visual plume analysis, and Figures 7-4 and 7-5 show the
locations of the Class II and Class I areas, respectively.

TABLE 7-15

Class | and Class [l Recreational Areas Used in Visibility Analysis

MidAmerican CEBC Unit 4 Facility

Location
Downwind Background
Easting Northing Distance Visual Range*
Park or Recreational Area (m} {m) {km) (km}
Class { Site 751596 4102646 671.7 25.0
Mingo National Wildlife Refuge,
Missouri
Class | Sites
Lake Manawa State Park 261100 4564900 2.50 40.0
Wabash Trace Nature Trail at 273500 4558100 124 40.0
Mineola
Council Bluff Municipal Airport ‘ 268800 4571000 10.9 40.0
Lewis and Clark Monument 260800 4576200 13.7 40.0
CBEC Unit 4 Stack 261980 45625567

*Taken from EPA users guide for VISCREEN Model (EPA, 1992)
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Figure 7-4
MidAmerican CBEC Unit 4 Facility
Distance to Class | Recreation Areas
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The VISCREEN model calculates visibility impact by computing the color and intensity of
the plume and compares it to its background sky or hillside. Contrasts at all wavelengths in
the visible spectrum characterize the brightness and color of a viewed object relative to its
viewing background. In the plume visual impact screening model VISCREEN, contrasts at
three wavelengths (0.45, 0.55 and .65 um) are used to characterize blue, green and red
regions of the visible spectrum. If the plume contrast is positive, the plume is brighter than
its viewing background; if negative, the plume is darker. If contrasts are difference at
different wavelengths, the plume is discolored. If contrasts are all zero, the plume is
indistinguishable from its background (i.e., imperceptible).

The perceptibility of a plume depends on the plume contrasts at all visible wavelengths.
With a range of wavelengths, a measure of contrast must recognize both “overall”
brightness and color. To address the added dimension of color as well as brightness, the
color contrast parameter, AE, was chosen for use as the primary basis for determining the
perceptibility of plume visual impacts in screening analyses.

Four lines of sight were selected by VISCREEN. The lines of sight are described by a view
number. The plume is viewed in 5-degree increments of azimuth starting from the emission
source. The other three views or lines of sight are for plume parcels 1 kilometer downwind
from the source and the nearest and most distant park boundary. Results are provided for
two assumed worst-case sun angles, forward scatter (looking toward the sun) and backward
scatter (looking away from the sun).

The resuits of the Level-1 screening analysis using the VISCREEN model for the Class I
Mingo National Wildlife Refuge in Missouri are presented in Table 7-16. This table shows
that for all contrast parameters, the plume is imperceptible from the background and no
adverse impact is predicted within the Class I area. Results are not presented for areas
outside of the Class I area, since no integral vista has been identified for Mingo NWR.

TABLE 7-16
Visual Plume Impacts in Class | Mingo National Wildlife Refuge

Delta E Contrast
Background Theta Azimuth Distance Alpha Criteria Plume Criteria Plume
Maximum Visual Impacts Inside Class | Area
Sky 10. B4. 671.7 84. 2.00 0.00 0.05 0.00
Sky 140. 84. 671.7 84. 2.00 0.00 0.05 0.00
Terrain 10. 84. 671.7 84. 2.00 0.00 0.05 0.00
Terrain 140. 84, 671.7 84, 2.00 0.00 0.05 0.00

Tables 7-17 through 7-20 present plume contrast parameters for the lowa parks, recreational
areas and airports located in Class Il air quality area. There are no established criteria for
determining how visible a plume may be in a Class Il air quality area. The values presented
are the worst case impact Level-1 VISCREEN screening results within each Class II area.
Actual plume contrast parameters would be much lower under most conditions.




TABLE 7-17
Visual Plume Impacts in Class H Lake Manawa State Park
MidAmerican CBEC Unit 4 Facility

DeltaE Contrast
Background Theta Azimuth Distance Alpha Criteria Plume Criteria Plume

Maximum Visual Impacts Inside Class |l Area

Sky 10, 84, 25 84. - 13433 - 0.230
Sky 140. 84 25 84. - 7.638 - 20214
Terrain 10. 84. 25 84. - 75.411 - 0.538
Terrain 140. 84. 25 84. - 17.846 - 0.329

Maximum Visual Impacts Quiside Class 1l Area

Sky 10. 7. 1.0 161. - 23.051 -- 0.422
Sky 140. 7. 10 161. - 10.761 - -0.371
Terrain 10. 20. 16 148. - 85.165 - 0.783
Terrain 140. 20. 1.6 149. - 25.310 -- 0.697

Plume contrast criteria have not been established for lowa Class |l areas.

TABLE 7-18
Visual Plume Impacts in Class {| Wabash Trace Nature Trail
MidAmerican CBEC Unit 4 Facility

Delta E Contrast
Background '.I'heta Azimuth  Distance Alpha Criteria Plume Criteria Plume
Maximum Visual impacts tnside Class il Area
Sky 10. 84. 12.4 84, - 9.532 -~ 0.072
Sky 140, 84. 12.4 84. - 6.194 - -0.128
Terrain 10. 84. 12.4 84. - 22.208 - 0.220
Terrain 140. 84. 12.4 84, - 4,542 - 0.130
Maximum Visual Impacts Outside Class Il Area
Sky 10. 135. 158 34. - 14628 - 0.067
Sky 140. 135. i5.8 34, - 7.045 - -0.177
Terrain 10. 35. 9.8 134, - 26.206 -- 0.320
Terrain 140. 35. 9.8 134, - 7.122 - 0.278

Plume contrast criteria have not been established for lowa Class Il areas.
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TABLE 7-19
Visual Plume Impacts in Class Il Council Blufts Municipal Airport
MidAmerican CBEC Unit 4 Facility

Delta E Contrast
Background Theta Azimuth Distance Alpha Criteria Plume Criteria Plume
Maximum Visual Impacts Inside Class Il Area
- Sky 10. 84. 10.9 84, -- 8.919 -- 0.083

Sky 140. 84. 10.9 84. -- 6.168 -- -0.132
Terrain 10. 84, 10.9 84, -- 25.418 - 0.243
Terrain 140. 84, 109 84. -- 5.136 - 0141
Maximum Visual Impacts Outside Class |l Area

Sky 10. 140, 146 29. - 15.141 -- 0.080
Sky 140, 140. 146 29. - 7.089 - -0.192
Terrain 10. 30. 83 139. - 30.592 - 0.364
Terrain 140. 30. 83 139. - 8.291 - 03186
Plume contrast criteria have not been established for lowa Class Il areas.

TABLE 7-20

Visual Plume Impacts in Class Il Lewis and Clark Monument

MidAmerican CBEC Unit 4 Facilify

Delta E Contrast

Background Theta Azimuth Distance Alpha Criteria Plume Criteria Plume
Maximum Visual Impacts Inside Class I} Area

Sky 10. 84. 13.7 84. - 20.709 - 0.013
Sky 140. 84 13.7 84. - 10.120 - ~ -0.168
Terrain 10. 84. 137 84. -- 20.897 - 0.215
Terrain 140. 84, 13.7 84. - 5.181 - 0.134
Maximum Visual impacts Outside Class |l Area

Sky 10. 125. 16.2 44, - 22540 - 0.004
Sky 140. 125. 16.2 44, - 10.161 - -0.198
Terrain 10. 40. 1.3 129. -- 24.088 -- 0.294
Terrain 140. 40. 11.3 129. - 6.543 - 0.236

Plume contrast criteria have not been established for lowa Class H areas.




7.15 Determination of Post-Construction Monitoring
Requirements

Table 7-21 presents a comparison of the maximum estimated impacts for the CBEC4 Project
and the significant monitoring concentrations. Post-construction monitoring of PMiomay be
required.

TABLE 7-21
Maximum Impacts and Significant Monitoring Concentrations
. Significant Monitorinsg
Parameter Estimated Impact (zg/m®) Concentration (ug/m°)
Annual NO» 0.45 14
24-hour SO, 9.4 13
Lead 0.0015 0.1
8-hour CO 234 575
24-hour PM;q 26.9 10
Notes:
pgfm3 = micrograms per cubic meter
co = carbon monoxide
NO2 = nitrogen dioxide
PMyy = fine particulate matter
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SECTION 8.0

Monitoring Information

This section describes the compliance monitoring devices and activities. The applicable test
methods used for determining compliance are also described.

8.1 Compliance Monitoring Devices and Activities

Unit 4 will be equipped with 40 CFR Part 75 CEMS for the measurement of SO, and NOx.
Visible emissions (opacity) will be measured with a Continuous Opacity Monitoring System
(COMS) installed at the outlet of the baghouse.

8.2 Applicable Test Methods

Listed below are the EPA test methods from 40 CFR 60 Appendix A that are applicable to
this project, that will be used to demonstrate compliance with permit limits.

Method 1—Sample and Velocity Traverses for Stationary Sources

This method is designed to aid in the representative measurement of pollutant emissions
and/or total volumetric flow rate from a stationary source. A measurement site where the
effluent stream is flowing in a known direction is selected, and the cross-section of the stack
is divided into a number of equal areas. Traverse points are then located within each of
these equal areas.

Method 2—Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot Tube)
This method is applicable for the determination of the average velocity and the volumetric
flow rate of a gas stream.

Method 3A—Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from
Stationary Sources (Instrumental Analyzer Procedure)

This method is applicable to the determination of O: and CO; concentrations in emissions
from stationary sources only when specified within the regulations.

Method 5 and/ or Method 17 —Determination of Particulate Matter Emissions from Stationary
Sources

Particulate matter is withdrawn isokinetically from the source and collected on a glass fiber
filter maintained at a temperature of 120 + 14°C (248 + 25°F) or such other temperature as
specified by an applicable subpart of the standards or approved by the Administrator for a
particular application. The PM mass, which includes any material that condenses at or
above the filtration temperature, is determined gravimetrically after the removal of
uncombined water.

Method 6C—Determination of Sulfur Dioxide Emissions from Stationary Sources (Instrumentat
Analyzer Procedure)

This method is applicable to the determination of SO concentrations in controlled and
uncontrolled emissions from stationary sources. A gas sample is continuously extracted
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from a stack, and a portion of the sample is conveyed to an instrumental analyzer for
determination of SO, gas concentration using an UV, nondispersive infrared (NDIR}, or
fluorescence analyzer.

Method 7E—Determination of Nitrogen Oxide Emissions from Stationary Sources (instrumental
Analyzer Procedure)

This method is applicable to the determination of NOx concentrations in emissions from
stationary sources. A gas sample is continuously extracted from a stack, and a portion of the
sample is conveyed to an instrumental chemiluminescent analyzer for determination of NOx
concentration.

Method 9--Visual Determination of the Opacity of Emissions from Stationary Sources

This method is applicable for the determination of the opacity of emissions from stationary
sources pursuant to § 60.11(b) and for qualifying observers for visually determining opacity
of emissions. The opacity of emissions from stationary sources is determined visually by a
qualified observer.

Method 10—Determination of Carbon Monoxide Emissions from Stationary Sources

This method is applicable for the determination of carbon monoxide emissions from
stationary sources only when specified by the test procedures for determining compliance
with new source performance standards. The test procedure will indicate whether a
continuous or integrated sample is to be used. The integrated or continuous gas sample is
extracted from a sampling point and analyzed for carbon monoxide (CO) content using a
Luft-type nondispersive infrared analyzer (NDIR) or equivalent.

Method 19—Determination of Sulfur Dioxide Removal Efficiency and Particulate Matter, Sulfur

Dioxide, and Nitrogen Oxides Emission Rates

1.0 Emission Rates. Oz or COzconcentrations and appropriate F factors (ratios of
combustion gas volumes to heat inputs} are used to calculate pollutant emission rates
from pollutant concentrations.

2.0 Sulfur Reduction Efficiency and SO; Removal Efficiency. An overall SO; emission
reduction efficiency is computed from the efficiency of fuel pretreatment systems,
where applicable, and the efficiency of SO: control devices.

2.1 The sulfur removal efficiency of a fuel pretreatment system is determined by fuel
sampling and analysis of the sulfur and heat contents of the fuel before and after
the pretreatment system.

2.2 The SOz removal efficiency of a control device is determined by measuring the
SOs; rates before and after the control device.

2.3 The inlet rates to SO; control systems (or, when SOz control systems are not used,
SO, emission rates to the atmosphere) are determined by fuel sampling and
analysis.

Methods 201 & 201A — Determination of Filterable PM1o Emissions

Methods 201 and 201A are used to determine filterable PMjpemissions from stationary
sources. Method 201, known as the Exhaust Gas Recycle Procedure, extracts a gas sample
isokinetically from the source. An in-stack cyclone is used to separate PM greater than PMuo,
and an in-stack glass fiber filter is used to collect PM1o. To maintain isokinetic flow rate
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conditions at the tip of the probe and a constant flow rate through the cyclone, a clean, dried
portion of the sample gas at stack temperature is recycled into the nozzle. The particulate
mass is determined gravimetrically after removal of uncombined water. An alternate
procedure, Method 201A, known as the Constant Sampling Rate Procedure, extracts a gas
sample at a constant flow rate through an in-stack sizing device, which separates PM greater
than PM,g. The particulate mass is determined gravimetrically after removal of uncombined
water.

Method 202 — Determination of Condensible Particulate Emissions From Stationary Sources
This method applies to the determination of condensible particulate matter (CPM)
emissions from stationary sources. For this project, it will be applicable to the combustion
sources only. The method may be used in conjunction with Method 201 or 201A if the probe
is glass-lined. The CPM is collected in the impinger portion of a Method 17 type sampling
train. The impinger contents are immediately purged after the run with nitrogen to remove
dissolved sulfur dioxide gases from the impinger contents. The impinger solution is then
extracted with methylene chloride. The organic and aqueous fractions are then taken to
dryness and the residues weighed. The total of both fractions represents the condensible
particulate matter.
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SECTION 9.0

Compliance Plan and Certification

9.1 Evidence of Compliance with Standards

The present Title V permit requires submittal of annual compliance certification documents,
demonstrating compliance with the standards. These compliance certificates have been
submitted to IDNR and are in their file.

9.2 Compliance Status

CBEC is in compliance with applicable environmental laws and regulations. There are no
enforcement actions or compliance plans in progress for CBEC.

9.3 Compliance Plan

Since CBEC is in compliance with applicable requirements, there are no Compliance Plans.

9.3.1 Compliance Schedule

CBEC is in compliance with applicable requirements; therefore, there is no compliance
schedule provided.

9.3.2 Other Requirements

CBEC will meet other applicable requirements that become effective during the term of the
permit as required by the IDNR.

9.4 Compliance Certification

A compliance certification signed by a responsible official of CBEC is provided at the end of
this section.

9.5 Compliance Assurance Monitoring Plan

9.5.1 Applicability

The Compliance Assurance Monitoring (CAM) rule requirements established by 40 CFR
Part 64 apply to pollutant specific emission units at a major source that are required to
obtain a Title V permit and that use a control device to comply with an emission limitation.

Unit 4 will be subject to CAM requirements for PMiq, SOz, and NOx. CAM applicability for
SO, and NOx only applies to the Part 60 and IDNR permit emission limitations. Limitations
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imposed under the Acid Rain Program are exempt from the 40 CFR Part 64 CAM
requirements. The CAM plans are provided below.

9.5.2 Compliance Assurance Monitoring Plan — PMio

The Compliance Plan—Control of PMyo for CBEC Unit 4 consists of a fabric filter for PMy
control on the generating unit. The suggested CAM plan format from the EPA Technical
Guidance Document will be used.

9.5.2.1 Background

A Emission Unit
Facility: Council Bluffs Energy Center, Council Bluffs, 1A
Description: Unit 4 Coal-Fired Utility Boiler
Identification: 7 Unit 4 Boiler
B. Applicable Regulations, Emission Limits, and Monitoring Requirements
Applicable Regulations: 40 CFR Part 60.42a
Regulated Pollutant: PMio
Emission Limits: Unit 4: 0.018 Ib/MMBTU (BACT, filterable
fraction only)
Monitoring Requirements: Visible Emissions {opacity), Periodic Monitoring
fOl' PMm

C. Control Technology Fabric Filter Dust Collector

9.5.2.2 Monitoring Approach

The key elements of the monitoring approach are presented below:

A Indicator Visible emissions (opacity) will be used as an
indicator. Pressure drop across the fabric filter will
also be used as an indicator.

B. Measurement Approach Visible emissions {opacity) will be measured
continuously with a Continuous Opacity
Monitoring System (COMS) installed on the outlet
of the unit’s fabric filter. Pressure drop will be
measured continuously with a pressure gauge.

C. Indicator Range Visible Emissions greater than 10 percent opacity
based on a 24-hour rolling average. Pressure drop
outside of the range to be established during the
initial operating period.

D. Corrective Action Threshold If the 24-hour rolling average opacity exceeds 10

percent, or if the pressure drop stays outside of the
established range for more than 1 hour, CBEC
personnel will initiate an investigation of the
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E.

Performance Criteria

Data Representativeness:

QA /QC Practices and Criteria:

control equipment within 24 hours for possible
corrective action. If corrective action is required,
CBEC will proceed to implement such corrective
action as soon as practicable in order to minimize
possible exceedances of the PMpstandard
established in the permit.

CBEC will also perform a performance test on the
generating unit to determine compliance with the
PMjpemission limit per EPA Reference Methods
201/201A and 202 once per permit term.

Visible emissions {opacity) are measured at the
emission point (between the fabric filter outlet and
the stack emission discharge). Pressure drop is
measured between the inlet and outlet of the fabric
filter compartment.

The COMS on the unit will comply with 40 CFR
Part 60, Appendix B, Performance Specification 1,
“Specification and Test Procedures for Opacity
Continuous Emission Monitoring Systems in
Stationary Sources.”

The COMS will have a zero and span calibration
drift check at least once daily in accordance with a
written procedure.

The zero and span shall, as a minimum, be adjusted
whenever the 24-hour zero drift or 24-hour span
drift exceeds 4 percent opacity.

The system shall allow for the amount of excess
zero and span drift measured at the 24-hour
interval checks to be recorded and quantified.

If a system with automatic zero adjustments is
used, the optical surfaces shall be cleaned when the
cumulative automatic zero compensation exceeds 4
percent opacity.

A method will be used by CBEC for producing a
simulated zero opacity condition and an upscale
(span) opacity condition using a certified neutral
density filter or other related technique to produce
a known obscuration of the light beam to provide a
system check of the analyzer internal optical
surfaces and all electronic circuitry including the
lamp and photo detector assembly.
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Monitoring Frequency Data

Collection Procedure:

9.5.2.3 Justification
A Background

B. Rationale for Selection of
Performance Indicator

Except during periods of system breakdowns,
repairs, calibration checks, and zero and span
adjustments, the COMS will be in continuous
operation and will complete a minimurm of one
cycle of sampling and analyzing for each successive
10-second period and one cycle of data recording
for each successive 6-minute period.

CBEC will reduce all data from the COMS to 6-
minute averages. Six-minute opacity averages shall
be calculated from 36 or more data points equally
spaced over each 6-minute period.

Data recorded during periods of system
breakdowns, repairs, calibration checks, and zero
and span adjustments will not be included in the
data averages computed under the previous
paragraph. An arithmetic or integrated average of
all data may be used.

The pressure drop monitor shall be maintained in
accordance with the manufacturers
recommendations.

Continuous opacity monitoring with data recorded
as 6-minute averages. Continuous pressure drop
monitoring with data recorded as 1-hour averages.

Continuous.

CBEC produces electricity. The pollutant specific
emission unit is a coal fired utility boiler. PMyois
controlled by fabric filters prior to the discharge
stack. The design collection efficiency of the fabric
filter is 99.7 percent.

The presence of visible emissions, recorded as
opacity with the COMS, and pressure drop across
the fabric filter were selected as the performance
indicators because they are indicative of operation
of the fabric filter in 2 manner necessary to comply
with the PMjpemission standard. When the fabric
filter is operating properly, the pressure drop will
be within normal ranges and visible emissions
from the exhaust will be minimal. Pressure drop
outside of the established range, or visible
emissions greater than 10 percent for a 24 hour
rolling average, as recorded by the COMS,



C. Rationale for Selection of
Indicator Level

indicates reduced performance of the PMq control
device; therefore, abnormal pressure drop
readings or the presence of visible emissions
(opacity) are used as the performance indicators.

The selected indicator range is visible emissions
greater than 10 percent opacity based on a 24 hour
rolling average, or pressure drop as a 1 hour
average outside of the established range.
Although these measures do not in themselves
constitute a violation of the PMyystandard, they
do indicate that corrective action should be
initiated so that any possible exceedance of the
PMyostandard can be prevented.

9,5.3 Compliance Assurance Monitoring Plan — Sulfur Dioxide

The Compliance Plan—SO; emission controls for CBEC consist of a lime spray dryer flue gas
desulfurization system for SOz control on the generating unit and the use of a 40 CFR Part 60
and 75 continuous emissions monitoring system (CEMS).

9.5.3.1 Background

A Emission Unit
Facility: Council Bluffs Energy Center, Council Bluffs, IA
Description: Unit 4 Coal-Fired Utility Boiler
Identification: Unit 4 Boiler
B. Applicable Regulations, Emission Limit, and Monitoring Requirements
Applicable Regulations: 40 CFR 60.43a
Regulated Pollutant: Sulfur Dioxide

Emission Limits:

Monitoring Requirements:

C. Control Technology:

9.5.3.2 Monitoring Approach

Unit 4: 0.12 Ib/MMBTU 30-day rolling average
(BACT)

40 CFR Part 60 and 75 CEMS

Lime Spray Dryer Flue Gas Desulfurization
System

CBEC will use the 40 CFR Part 60 and 75 CEMS to continuously measure SOz emissions
from the generating unit. The data reporting system for the CEMS will calculate SO
emission rates in terms of lb/MMBTU based on 30-day rolling averages and compare the
computed emission rate to the applicable standard. The data reporting system will also
calculate monthly and annual SO, emissions.
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9.5.3.3 Justification

The use of a CEMS that provides results in units of the standard for the pollutant of interest
and meets the criteria in 40 CFR Part 64.3(d)(2) is considered presumptively acceptable
CAM.

9.5.4 Compliance Assurance Monitoring Plan — NOx

The Compliance Plan—Control of NOx emissions from Unit 4 consists of Low- NOx
Burners, Separate Overfire Air (SOFA), and Selective Catalytic Reduction, and the use of a
40 CFR Part 60 and 75 CEMS.

9.5.4.1 Background

A Emission Unit
Facility: Council Bluffs Energy Center, Council Bluffs, [A
Description: Unit 4 Coal-Fired Utility Boiler
Identification: Unit 4 Boiler

B. Applicable Regulations, Emission Limit, and Monitoring Requirements
Applicable Regulations: 40 CFR 60.44.a
Regulated Pollutant: Nitrogen Oxides
Emission Limits: Unit 4: 0.08 Ib NOx /MMBTU 30-day rolling

average (BACT)

Monitoring Requirements: 40 CFR Part 60 and 75 CEMS

C. Control Technology: LNB, SOFA, and SCR

9.5.4.2 Monitoring Approach

CBEC will use the 40 CFR Part 60 and 75 CEMS to continuously measure NOx on the
generating unit. The data reporting system for Unit 4 CEMS will calculate NOx emission
rates in terms of 1b/MMBTU based on 30-day rolling averages and compare to the
applicable standard. The data reporting system for each CEMS will also calculate the
monthly and annual NOx emissions.

9.5.4.3 Justification

The use of a CEMS that provides results in units of the standard for the pollutant of interest
and meets the criteria in 40 CFR Part 64.3(d}(2) is considered presumptively acceptable
CAM.

9.6 Acid Rain Compliance Plan

CBEC is in compliance with Title IV Acid Rain Program requirements. An application for
amendment for their acid rain permit will be submitted separately.




9.7 Periodic Monitoring Plan

The controlled coal handling sources associated with CBEC Unit 4 will be subject to Periodic
Monitoring requirements for PMjye.

Periodic Monitoring Requirements

9.7.1 Stack Testing
Pollutant — Particulate Matter

1st Stack Test to be Completed within 6 months of start-up of operations
Test Method - Iowa Method 5

9.7.2 Operation & Maintenance Plan — Baghouses

The coal handling baghouses shall be installed, operated and maintained in accordance with
the manufacturer's specifications. The baghouses shall be equipped with gauges which
indicate the pressure drop across the baghouse compartments.

9.7.3 Monitoring Guidelines
9.7.3.1 General

Periodic Monitoring, which to be of value requires the source to be operating, is not
required during periods of time greater than one day in which the source does not operate.

9.7.3.2 Daily

CBEC shall monitor and record the operating pressure drop across the coal handling
baghouses at least once for every operation day. The operating pressure drop on the coal
handling baghouses shall be maintained within the design conditions specified by the
manufacturer’s performance warranty.

9.7.3.3 Weekly

Opacity shall be observed on a weekly basis to ensure no visible emiissions during the
material handling operations. If visible emissions are observed this would be an excursion,
not a violation, and action will be taken as soon as possible, but no later than eight (8) hours
from the observation of visible emissions. If weather conditions prevent the observer from
conducting an opacity observation, the observer shall note such conditions on the data
observation sheet. At least three attempts shall be made to retake opacity readings at
approximately 2 hour intervals throughout the day. If all observation attempts for a week
have been unsuccessful due to weather, an observation shall be made the next operating day
where weather permits.

e Check the cleaning sequence of the baghouse.
e Check hopper functions and performance.
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9.7.3.4 Each Major Unit Overhau!

» Thoroughly inspect bags for leaks and wear. Bag removal is not required during this
inspection.

+ Inspect bag cleaning components.
e Inspect hopper unloading components.

» Inspect all components that are not subject to wear or plugging, including structural -
components, housing, ducts, and hoods.

9.7.4 Record Keeping and Reporting

A written or electronic record will be kept of the daily, weekly, and overhaul inspections
and any actions resulting from the inspections.

Maintenance and inspection records will be kept for five (5) years and available upon
request.

9.7.5 Corrective Action

The facility will take timely corrective action during periods of excursion where the
indicators are out of range. A corrective action may include an investigation of the reason
for the excursion, evaluation of the situation and necessary follow-up action to return
operation within indicator range. An excursion is determined by the averaged discrete data
point over a period of time, or the presence of a monitored abnormal condition. An
excursion does not necessarily indicate a violation of an applicable requirement. If the
corrective action measures fail to return the indicators to the appropriate range, the facility
will report the excursion to the department and conduct source testing within 90 days of the
excursion to demonstrate compliance with applicable requirements. If the test demonstrates
compliance with emission limits then new indicator ranges must be set for monitoring and
the new ranges must be incorporated in the operating permit. If the test demonstrates
noncompliance with the emission limits, then the facility, within 60 days, proposes a
schedule to implement corrective action to bring the source into compliance and
demonstrate compliance.

9.7.6 Quality Control

The baghouses will be operated and maintained according to the manufacturers
recommendations.

A spare parts inventory is maintained by a computerized inventory management system.
Parts are automatically queued for re-order when the inventory level falls below a
minimum re-order point.



Council Bluffs Energy Center Compliance Certification:

I, Jack L. Alexander, as responsible official for CBEC, hereby certify that, based on
information and belief formed after reasonable inquiry, the statements and information in
this document are true, accurate, and complete. -

ce President, Supply and Marketing

Date: G248 -0
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m AIR CONSTRUCTION PERMIT APPLICATION
) Form FI: Facility Information Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE @

DNR USE ONLY
Plant ID: Project Number: -

98 2| o> Op-528
COMPANY NAME ‘
(1) MidAmerican Energy Company
(2) CERTIFICATION

I certify that based on information and belief formed after reasonable inquiry, the enclosed documents including the
attachments are true, accurate, and complete. Legal entitlement to install and operate the equipment covered by and on the
property identified in the permit application has been obtained.

Responsible Official: Print Name: Jack L. Alexander Title: Sr. Vice President Supply and
. ‘ Marketing
Signature: flbron A . _ Date: §-24-02

{ PLANT PERMIT CONTACT PERSON .
i(3) Name: : (4) Tithe: 5) Telephone #: (6) E-mail Address:
Chad A. Teply Outags.Lrojéct Manager (712) 366-5316 cateply @ midamerican.com
{(7) Street Address: (8) City: ‘ 9} State: (10) Zip:
2115 Navajo Road Council Bluffs fowa 51501

EQUIPMENT LOCATION

i(11) Street or Route: (12} City: (13) State: 14) Zip:
same Iowa

[(15) Is the Equipment Portable?
No
[ Yes, other location(s) is:

PERMIT PREPARER/CONSULTANT

16) Name: 17) Title: (18) Iowa P.E. Number (see
Steven C. Guyer Director, Environmental instructions): NA
Services Sefls
¥20) Company Name: (21) Telephone #: 22) Fax #:
MidAmerican Energy Company (515) 281-2692 (515) 242-3084
’(23) Street Address: 24) City: 25} State: (26) Zip:
666 Grand Avenue Des Moines fowa 50309
BUSINESS TYPE

(27) Briefly describe the activity of your business and its principal product:

Council Bluffs Energy Center (CBEC) generates electric power for sale to the customers of MidAmerican, the
operator of CBEC. Refer to Section 2 of the application package for a general process flow diagram for CBEC.
The generating plant produces electricity by combusting coal to produce heat to convert waler to steam. The
steam powers turbines attached fo electric generators. Generators convert mechanical energy supplied by a
turbine into electrical energy.

(28) Provide SIC code of your plant (if known): 49171

(29) APPLICATION FORMS ATTACHED
<X EU(Number of forms #: 18 ) DJCS@#: 19) DIECH#: 18) XE# 1) [
Other Forms and Auwachments: Figure EU/EC-1

—SEP 25 AU L!}

(IDNR Form 542-3190-03)




WR AIR CONSTRUCTION PERMIT APPLICATION

‘N Form EU: Emission Unit Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE o

' Company Name: MidAmerican Energy 7
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

(1) Emission Unit (EU) Name: 2) EU ID Number: (3) Emission Unit Type
Rotary Car Dumper 006 [ New Source
4) Manufacturer: 5) Model: (] Unpermitted Existing Source
TBD 8D B Modification to a Permitted Source
[(6) Maximum Capacity: 7) Date of Construction: Previous Permit # is:
3500 tons of coal per hour 1/1/77 78-A-167
K8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? [ JNo [X] Yes
78D Control equipment name/ID are: Baghouse CE007
K 10) Arc you requesting any permit limits? [1 No D Yes. If yes, check below and write down all that apply
] Operation Hour Limits: [ Production Limits:
] Material Usage Limits: X Other:

0.01 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

11) Provide a description and a drawing to show quantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

. Coal received at CBEC by railcar is unloaded into receiving hoppers at the rotary car dumper, Coal is removed
3 from the hopper at a rate of 3,500 TPH and discharged onto a conveyor. Refer to Section 2.3.2 in the
application package for additional details.

Refer to Figure 2-3, coal handling process diagram.

(IBNR FORM 542-3190-05)




I:D"l-“iTFl AIR CONSTRUCTION PERMIT APPLICATION
2 Form EU: Emission Unit Information Revision: 172001

@ SEE INSTRUCTIONS ON REVERSE SIDE @

. Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

K1) Emission Unit (EU) Name: (2) EU ID Number: (3) Emission Unit Type
Transfer House 4 13 [0 New Source
‘(4) Manufacturer: : 5) Model: [0 Unpermitted Existing Source
78D 78D B4 Modification to a Permitted Source
(6) Maximum Capacity: (7) Date of Construction: Previous Permit # is:
3,600 tons of coal per hour 11777 78-A-173
8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? No E Yes
78D Control equipment name/ID are: Baghouse CE014
I(10) Are you requesting any permit limits? [ ] No Yes. If yes, check below and write down all that apply
I Operation Hour Limits: L] Production Limits: }
[[] Material Usage Limits: B Other:

0.01 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

(1) Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

I/

. : Coal is conveyed from Transfer House 5 and Transfer House 3 to a surge hopper in Transfer House 4. The
Transfer House 4 (Crusher House) 900 T/hr vibratory feeders and 900 T/hr ring granulators (crushers) will be
replaced with 1600 T/hr equipment to accommodate Unit 4. The new crushers will discharge onto conveyors),
which will transport the coal to the surge hopper located at the transfer conveyor bay area. Refer to Section
2.3.2 in the application package for additional details.

Refer to Figure 2-3, coal handling process diagram.

(IDNR FORM 542-3190-05)
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AIR CONSTRUCTION PERMIT APPLICATION
Form EU: Emission Unit Information Revision: 1/2001
: @ SEE INSTRUCTIONS ON REVERSE SIDE o

DU

. Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)} DESCRIPTION AND SPECIFICATIONS

1) Emission Unit (EU) Name: (2) EU ID Number: (3) Emission Unit Type
CBEC 4 Boiler 141 Dd New Source
{(4) Manufacturer: 5) Model: [ Unpermitted Existing Source
TBD 8D ] Modification to a Permitted Source
iK6) Maximum Capacity: : (7) Date of Construction: Previous Permit # is:
7.675 mmBTU/our 8D
IK8) Date of Modification (if applicable): 9) Is this a Controlled Emission Unit? No [X] Yes
N/A Control equipment name/ID are: Pulse Jet Baghouse CE141a
Selactive Catalytic Reduction CE141b
Lime Spray Dryer Flue Gas Desulfurization
- CE141C
(10} Are you requesting any permit limits? [ ] No Yes. If yes, check below and write down all that apply
L] Operation Hour Limits: [ Production Limits:

L_| Material Usage Limits: Other:
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

K1 Provide a description and a drawing to show quantitatively how product or material flows through this emission
" unit. Include product input and output, fuel thronghput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The proposed Unit 4 boiler will be an indoor-type supercritical pulverized coal fired boiler designed for "base
load” operation. The unit will have a maximum gross heat input of approximately 7,675 MMBtu/hr and a
nominal net plant electrical output of approximately 750 MW. Unit 4 will generate a main steam pressure of
3,500 to 3,700 psig and will generate steam at 1,050 to 1,100 °F. The primary fuel for Unit 4 will be Powder
River Basin sub-bituminous coal. Fuel oif (No.2) will be used as the stant-up fuel. Refer to Section 2 of the
application package for additional details.

Refer to Figure 2-2 for a detailed flow diagram of Unit 4.

{IDNR Form 542-3190-05)




@ﬁrﬂ AIR CONSTRUCTION PERMIT APPLICATION

PN Form EU: Emission Unit Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

1) Emission Unit (EU) Name: 2) EU ID Number: (3} Emission Unit Type
Auxiliary Boiler 142 Bd New Source
4) Manufacturer: (5) Model: D Unpermitted Existing Source
TBD T80 (] Modification to a Permitted Source
K6} Maximurm Capacity: 7) Date of Construction: Previous Permit # is:
974 gallons of fuel/hour TBD
i(8) Date of Modification (if applicable): 9) Is this a Controlled Emission Unit? [ No []Yes
N/A Control equipment name/ID are:
I(10) Are you requesting any permit limits? O No_ X Yes. If yes, check below and write down all that apply
[ Operation Hour Limits: {3 Production Limits:
2,500 hours/ year
[ ] Material Usage Limits: 1 Other:

Rationale for Requesting the Limit(s):

K11) Provide a description and a drawing to show quantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The auxiliary boiler burns No. 2 fuel oil and will be used only when Unit 4 is not in operation, or as needed for
start-up of Unit 4, or not more than 10 hours/ month for testing.

Refer to attached Figure EU/EC-1.

(IDNR FORM 542-3190-05)
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2 AIR CONSTRUCTION PERMIT APPLICATION
‘N Form EU: Emission Unit Information

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE =

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)} DESCRIPTION AND SPECIFICATIONS

(1) Emission Unit (EU) Name: 2) EU ID Number: 3} Emisston Unit Type
Emergency Generator 143 B New Source
(4} Manufacturer: 5) Model: | Unpermitted Existing Source
[ T8D TBD [] Modification to a Permitted Source
6) Maximum Capacity: 7) Date of Construction: Previous Permit # is:
73 gallons of No. 2 fuel/hour T8D

[(8) Date of Modification (if applicable):
N/A

9) Is this a Controlled Emission Unit?

Control equipment name/ID are:

No []Yes

[(10) Are you requesting any permit limits?

[ No

DX Yes. If yes, check below and write down all that apply

B4 Operation Hour Limits: [ ] Production Limits:
500 hours/year
[1 Material Usage Limits: "] Other:

Rationale for Requesting the Limit(s):

K11

Refer to Figure EW/EC-1.

Provide a description and a drawing to show quantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The emergency generator burns No. 2 fuel oil and will be operated a maximum of 500 hours per year.

(IDNR FORM 542-3190-05)




AIR CONSTRUCTION PERMIT APPLICATION

E)}H!I"l
YN Form EU: Emission Unit Information Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE =

. Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

(1) Emission Unit (EU) Name: 2) EU ID Number: 3} Emission Unit Type
Cooling Tower 145 ‘ DQ New Source
K4) Manufacturer: 35) Model: O] Unpermitted Existing Source
TBD TBD [] Modification to a Permitted Source
{(6) Maximum Capacity: (7} Date of Construction: Previous Permit # is:
349,400 gallons of water/minute T8D
i(8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? No [X] Yes
N/A Control equipment name/ID are: Drift Eliminator CE145
[(10) Are you requesting any permit limits? BJ No  [7] Yes. If yes, check below and write down all that apply
] Operation Hour Limits: [] Production Limits:
] Material Usage Limits: ' L] Other:

Rationale for Requesting the Limit(s):

((11) Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emisstons. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The cooling tower receives water from the condenser, cools it, and returns the water to the process. Refer to
Section 2 of the application for additional details.

‘

Refer to Figure 2-2 for a schematic of the process.

(IDNR FORM 542-3190-05)



m AIR CONSTRUCTION PERMIT APPLICATION

Y Form EU: Emission Unit Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

i(1) Emission Unit (EU) Name: (2} EU ID Number: 3) Emission Unit Type
Transfer House 5 155 Bd New Source
K4) Manufacturer: 5) Model: : ] Unpermitted Existing Source
8D T8D [C] Modification to a Permitted Source
k6) Maximum Capacity: (7) Date of Construction: Previous Permit # is:
1,000 tons of coal per hour TBD _
A(8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? [ JNo D Yes
N/A Control equipment name/ID are: Baghouse CEQ14
K10} Are you requesting any permit limits? E1No D4 Yes. If yes, check below and write down all that apply
[[] Operation Hour Limits: {1 Production Limits:
[ Material Usage Limits: » X Other:

0.01 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

(11) Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

Transfer House 5 receives coal from the east emergency reclaim hopper and transfers it to the crusher house
(transfer house 4). Note that emissions from the Transfer House 5 are captured by the baghouse for transfer
house 4. Refer to Section 2.3.2 in the application package for additional details.

Refer to Figure 2-3, coal handling process diagram.

{IDNR FORM 542-3190-05)
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AIR CONSTRUCTION PERMIT APPLICATION
Form EU: Emission Unit Information

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE «

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

¥ 1) Emission Unit (EU) Name: 2) EU ID Number: (3) Emisston Unit Type
Transfer Conveyor Bay 159 B New Source
li(4) Manufacturer: (5} Model: D Unpermitted Existing Source
TBD TBD (] Modification to a Permitted Source
(6) Maximum Capacity: (7} Date of Construction: Previous Permit # is:
1,800 tons of coal/ hour TBD

K8) Date of Modification (if applicable):
N/A

9) Is this a Controlled Emission Unit?

Control equipment name/ID are: Baghouse

No [ Yes

(£10) Are you requesting any permit limits? [JNo [X] Yes. If yes, check below and write down all that apply
[] Operation Hour Limits: [ Production Limits:
{1 Material Usage Limits: D] Other:

0.01 gr/dscf (em:'séions from the baghouse)

Rationale for Requesting the Limit(s):

Refer to Section 4 of the application package.

iy

Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The transfer conveyor bay consists of a hopper and associated conveyors which receive coal from Transfer
House 4. The hopper and load-out conveyors transport coal to Unit 3 east/west silos or Unit 4 east/west silos.
Refer to Section 2.3.2 in the application package for additional details.

Refer to Figure 2-3, coal handlfing process diagram.

{IDNR Form 542-3180-05)
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AIR CONSTRUCTION PERMIT APPLICATION
Form EU: Emission Unit Information

Revision: 1/2001

2 SEE INSTRUCTIONS ON REVERSE SIDE =

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

i 1) Emission Unit (EU) Name: 2) EU ID Number: (3) Emission Unit Type
Unit 4 East Silos 160 K New Source
i(4) Manufacturer: 5) Model: ] Unpermitted Existing Source
T8D TBD [[] Modification to a Permitted Source
K6) Maximum Capacity: 7) Date of Construction: Previous Permit # is:
800 tons of coal per hour load-in TBD

1(8) Date of Modification (if applicable):
N/A

9) Is this a Controlled Emission Unit?

Control equipment name/ID are: Baghouse CE160

No X Yes

I(10) Are you requesting any permit limits?

(] No

Yes. If yes, check below and write down all that apply

[ Operation Hour Limits:

] Production Limits:

[J Material Usage Limits:

B} Other:

0.01 gr/dscf (emissions from the baghouse)
Refor to Section 4 of the application package

Rationale for Requesting the Limit(s):

Ky

Provide a description and a drawing to show quantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

Series of 3 coal storage silos and associated conveyors with 900 tons/hour load-in capacity. Refer to Section
2.3.2 in the application package for additional details.

Refer to Figure 2-3, coal handling pracess diagram.

(DNR FORM 542-3190-05)
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AIR CONSTRUCTION PERMIT APPLICATION
Form EU: Emission Unit Information

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

N/A

K1) Emission Unit (EU) Name: 2) EU ID Number: 3) Emission Unit Type
Unijt 4 West Silos 161 X New Source
4) Manufacturer: 5) Model: a Unpermitted Existing Source
TBD 18D [0 Modification to a Permitted Source
K6) Maximum Capacity: (7) Date of Construction: Previous Permit # is:
900 tons of coal per hour 78D
[8) Date of Modification (if applicable): {9) Is this a Controlled Emission Unit? [ JNo [X} Yes

Control equipment name/ID are: Baghouse CE161

[k10) Are you requesting any permit limits? [ | No  [{] Yes. If yes, check below and write down all that apply
[] Operation Hour Limits: [ Production Limits:
[] Material Usage Limits: D Other:

0.01 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

T

Provide a description and a drawing to show quantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

Series of 3 coal storage silos and associated conveyors with 900 tons/hour load-in capacity. Refer to Section

2.3.2 in the appilication package for additional details.

Refer fo Figure 2-3, coal handling process diagram.

{DNR FORM 542-3190-05)




mn AIR CONSTRUCTION PERMIT APPLICATION
“HS Form EU: Emission Unit Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE o

Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

K1) Emission Unit (EU) Name: 2) EU ID Number: K3) Emission Unit Type
Lime Fifter Separator 162 X] New Source
4) Manufacturer: 5) Model: [(J Unpermitted Existing Source
T8BD 8D 1 Modification to a Permitted Source
k6) Maximum Capacity: 7) Date of Construction: Previous Permit # is:
100 TPH (tons of fime per hour) 8D
8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? No Yes
N/A Control equipment name/ID are: Baghouse CE162
K(10) Are you requesting any permit limits? mo B Yes. If yes, check below and write down all that apply
] Operation Hour Limits: ] Production Limits:
] Materia! Usage Limits: B Other:

0.01 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

W11} Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

A combination filter / se,barator will pneumnatically remove fime from a totally enclosed, 100-ton railcar by
means of a negative pressure syslem. The combination filter/separator will separate lime from the conveying
air, performing the function of a cyclone separator and baghouse in one vessel.

The lime will then be discharged from the filter / separator into a transfer hopper and then info a positive
pressure conveyance pipe to be transferred to the lime storage silo. Refer to Section 2.4.1 of the application
package for additional details.

Refer to Figure EUW/EC-1.

(IDNR FORM 542-3190-05)



m-ﬁ AIR CONSTRUCTION PERMIT APPLICATION

P Form EU: Emission Unit Information Revision: 1/2001
: @ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)} DESCRIPTION AND SPECIFICATIONS

(1) Emission Unit (EU) Name: (2) EU ID Number: 3) Emission Unit Type
Lime Storage Silo 163 B New Source
i(4) Manufacturer: (5) Model: [ Unpermitted Existing Source
TBD 7BD ‘ 3 Modification to a Permitted Source
(6) Maximum Capacity: 7} Date of Construction: Previous Permit # is:
2,000 ton 18D
i(8) Date of Mcdification (if applicable): K9) Is this a Controlled Emission Unit? No ] Yes
N/A Control equipment name/ID are: Vent Bag Filter CE163
K 10) Are you requesting any permit limits? ONo [ Yes. If yes, check below and write down all that apply
] Operation Hour Limits: ) Production Limits:
] Material Usage Limits: X Other:

0.02 gr/dscf (emissions from the baghouss)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

(1) Provide a description and a drawing to show quantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. 1f space below is
insufficient, attach a separate sheet labeled EU-11A.

The lime is transferred to the lime storage silo by a positive pressure conveyance pipe connected to the
transfer hopper.

Lime from the storage silo will be pneumatically transferred to a transfer hopper, which then discharges into a

conveyance pipe and conveys the lime using positive pressure to the day bin. Refer to Section 2.4.1 of the
application package for additional details.

Refer to Figure EU/EC-1.

(IDNR FORM 542-3190-05)
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AIR CONSTRUCTION PERMIT APPLICATION
Form EU: Emission Unit Information

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

N/A

(1) Emission Unit (EU)} Name: 2) EU ID Number: (3) Emission Unit Type
Urea Sifo #1 164A [X] New Source
4) Manufacturer: 5} Model: [ Unpermitted Existing Source
TBD 78D [T} Modification to a Permitted Source
(6) Maximum Capacity: 7) Date of Construction: Previous Permit # is:
60 ton T80
1K8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? [ ]No [ Yes

Control equipment name/iD are: Vent Bag Filter CE164A

10) Are you requesting any permit imits? | ] No  [X] Yes. If yes, check below and write down all that apply
[_] Operation Hour Limits: (] Production Limits:
[ Material Usage Limits: Other:

0.02 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

i(11)

Refer to Figure EU/EC-1.

Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The urea used for the generation of ammonia will be delivered by truck or rail and stored in one of two vertical
dry urea storage silos. Each storage silo will be equipped with a bin vent filter for dust control. Refer to
Section 2.4.2 of the application package for additional details.

{{DNR FORM 542-3190-05)
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AIR CONSTRUCTION PERMIT APPLICATION
Form EU: Emission Unit Information

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE, @

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

N/A

1) Emission Unit (EUJ) Name: 2) EU ID Number: (3) Emission Unit Type
Urea Silo #2 1648 < New Source
I(4) Manufacturer: 5) Model: O Unpermitted Existing Source
TBD T8D [[J Modification to a Permitted Source
K6) Maximum Capacity: (7) Date of Construction: Previous Permit # is:
60 tons TBD
{(8) Date of Modification (if applicable):.  §9) Is this a Controlled Emission Unit? [ JNo X Yes

Control equipment name/ID are: Vent Bag Filter CE1648

(10) Are you requesting any permit limits?

L] No  [X] Yes. If yes, check below and write down all that apply

[[] Operation Hour Limits:

[ 1 Production Limits:

[ Material Usage Limits:

B4 Other:
0.02 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

Refer to Figure EU/EC-1..

(11) Provide a description and a drawing to show quantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The urea used for the generation of ammonia will be delivered by truck or rail and stored in one of two vertical
dry urea storage silos. Each storage silo will be equipped with a bin vent filter for dust control. Refer to
Section 2.4.2 of the application package for additional details.

(IDNR FORM 542-3190-05)
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AIR CONSTRUCTION PERMIT APPLICATION
Form EU: Emission Unit Information

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE &

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

(1) Emission Unit (EU) Name: 2) EU ID Number: 3) Emigsion Unit Type
Flyash/FGD Waste Storage Silo 167 BJ New Source
r|(4) Manufacturer: 3} Model: [J Unpermitted Existing Source
TBD TBD 7] Modification to a Permitted Source
r|(6) Maximum Capacity: 7} Date of Construction: Previous Permit # is:
2000 Tons TBD

8) Date of Modification (if applicable):
N/A

(9) Is this a Controfled Emission Unit?

No [X] Yes

Control equipment name/ID are: Vient Bag Filter CE167

[€10) Are you requesting any permit limits?

{1 No

DJ Yes. If yes, check below and write down all that apply

1 Operation Hour Limits: [] Production Limits:
‘[J Material Usage Limits: Other:

0.02 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

[ 483

Refer to Figure 2-4, Flyash/ FGD Wasle process diagram.

Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

The pulse-jet baghouse will be incorporated into the dry FGD collection system with each row of hoppers
having its own conveyance header. All flyash / FGD waste will be collected and stored in a FGD waste

storage silo, where it will be stored and transferred to an offsite disposal landfill. Refer to Section 2.4.3 in the
application package for additional details.

(IONR FORM 542-3190-05)




m AIR CONSTRUCTION PERMIT APPLICATION
ﬂ ‘ Form EU: Emission Unit Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

. Company Name: MidAmerican Energy
EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

1} Emission Unit (EU) Name: ‘ (2) EU ID Number: 3} Emission Unit Type
F:yasthGD Waste Vacuumn System Exhauster | 188 New Source
[k4) Manufacturer: 5) Model: ] Unpermitted Existing Source
TBD TBD [ Modification to a Permitted Source
6} Maximum Capacity: 7) Date of Construction: Previous Permit # is:
TED 78D
(8) Date of Modification (if applicable):  9) Is this a Controlled Emission Unit? | | No Yes
NA Control equipment name/ID are: Baghouse CE168
i(10) Are you requesting any permit limits? [} No  PJ Yes. If yes, check below and write down all that apply
[ Operation Hour Limits: [] Production Limits:
[0 Material Usage Limits: Other:

0.01 gridscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

K1) Provide a description and a drawing to show guantitatively how product or material flows through this emission
unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

. Refer to Section 2.4.3 in the application package for additional details.

Refer to Figure 2-4, Flyash/ FGD Waste process diagram.

(IDNR FORM 542-3190-05)
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YN Form EU: Emission Unit Information

AIR CONSTRUCTION PERMIT APPLICATION

Revision: 172001

@ SEE INSTRUCTIONS ON REVERSE SIDE o

Company Name:MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S)) DESCRIPTION AND SPECIFICATIONS

1) Emission Unit (EU) Name: 2) EU ID Number: K3) Emission Unit Type
EgasthGD Waste Vacuum Systemn Exhauster | 169 K New Source
||(4) Manufacturer: {5) Model: | Unpermitted Existing Source
78D 8D [J Modification to a Permitted Source
f'(ﬁ) Maximum Capacity: (7) Date of Construction: Previous Permit # is:
T8D 18D
I(8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? [ No [{ Yes
N/A Control equipment name/ID are: Baghouse CE169

10} Are you requesting any permit limits? [ ] No  {X] Yes. If yes, check below and write down all that apply
[ Operation Hour Limits: [ Production Limits:
] Material Usage Limits: B Other:

0.01 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

(11)

Refer to Section 2.4.3 in the application package for additional details.

Refer to Figure 2-4, Flyash/ FGD Waste process diagram.

Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include product input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

{IDNR FORM 542-3190-05)




@ITR AIR CONSTRUCTION PERMIT APPLICATION

=3 Form EU: Emission Unit Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE &

Company Name: MidAmerican Energy

EMISSION UNIT (SOURCE OF AIR POLLUTANT(S})) DESCRIPTION AND SPECIFICATIONS

(1) Emission Unit (EU) Name: 2) EU ID Number: 3) Emisston Unit Type
Flyash/FGD Waste Vacuum System Exhauster #3| 170 m New Source
l4) Manufacturer: (5) Model: [0 Unpermitted Existing Source
T80 , T80 [1 Modification to a Permitted Source
(6} Maximum Capacity: (7} Date of Construction: Previous Permit # is:
8D BD
[(8) Date of Modification (if applicable): (9) Is this a Controlled Emission Unit? No [ Yes
N/A Control equipment name/ID are: Baghouse CE170
(10) Are you requesting any permit limits? [ ] No Yes. If yes, check below and write down all that apply
{1 Operation Hour Limits: [ Production Limits:
[[] Material Usage Limits: D Other:

0.01 gr/dscf (emissions from the baghouse)
Refer to Section 4 of the application package

Rationale for Requesting the Limit(s):

ki Provide a description and a drawing to show quantitatively how product or material flows through this emission

unit. Include praduct input and output, fuel throughput, and any parameters which impact air emissions. If space below is
insufficient, attach a separate sheet labeled EU-11A.

Refer to Section 2.4.3 in the application package for additional details.

Refer to Figure 2-4, Flyash/ FGD Waste process diagram.

(IDNR FORM 542-3190-05)




.D‘IFNIR- AIR CONSTRUCTION PERMIT APPLICATION
)
. Form EU1: Industrial Engine Information Revision: 1/2001
2 SEE INSTRUCTIONS ON REVERSE SIDE &

EXEMPTION

According to 567 Iowa Administrative Code Chapter 22.1(2)r, an internal combustion engine with a brake
horsepower rating of less than 400 is exempted from the provisions of construction permits.

rlCompany Name: MidAmerican Energy X Private Company [[] Public Facility

ENGINE (EMISSION UNIT) DESCRIPTION AND SPECIFICATIONS
X New Unit ] Unpermitted Existing Unit [ ] Modification to An Unit with Permit #:
(1) Usc of Engine: [ | Normal Operation [X| Emergency [ |Back-up [ ] Other:

(2) Engine ID Number: (3) Rated Power:
78D B4 250 Brake Horsepower(bhp) []  Kilowatts(kW)
g4} Construction Date: 5) Manufacturer: 6) Model:
TBD TBD 18D
{(7) Date of Modification (if applicable): 8) Serial Number (if available): 9) Control Device (if any}:
NA _ Not available None
FUEL DESCRIPTION AND SPECIFICATIONS .
(10) D] Diesel Fuel (# 2 ) | [] Gasoline Fuel [L] Natural Gas L] Other Fuels
Fuel Type (gal/hr) (gal/hr) (cf/hr) (unit: )
(1)
. Fuil Load Consumption Rate | 14
(12)
Actual Consumption Rate 14
(13)
Sulfur Content wt% 0.05 N/A N/A

OPERATING LIMITS & SCHEDULE
14) Imposed Operating Limits (hours/year, or gallons fuel/year, etc.):

NA
K 15) Operating Schedule (hours/day, months/year, etc.):
500 hourstyear
STACK/VENT (EMISSION POINT) SPECIFICATIONS
K16) Stack/Vent ID: 17} Stack Opening Size:
144 circular, diameter (inches) is: 3
k(18) Stack Height (feet) from the Ground: [[J other, size (inches x inches) is:
15 [ single Stack L] Dual Stack
i(19) Stack Height (feet) (20) Discharge Style:
above the Building (If Applicable): V (Vertical, without rain cap or with unobstructing rain cap)
NA ) VR (Vertical, with obstructing rain cap)
(21} Distance (feet) from the Property Line: [ H (Horizontal discharge)
598 { ] D (Downward discharge; for example, a goose neck stack)
: EXHAUST INFORMATION
) . lk22) Rated Flow Rate ([_] acfm B4 scfm): (23) Moisture Content % (if known): 24) Exit Temperature (°F)
1,030 845

(IDNR Form 542-3190-07)
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AIR CONSTRUCTION PERMIT APPLICATION

Form CS: Control Equipment and Stack/Vent Information

Revision: 172001

@ SEE INSTRUCTIONS ON REVERSE SIDE &

Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS *
1) Control Equipment {CE) Name and ID (if none, skip to (12)): (2) Date of Installation:
Baghouse CED07 1/1/1977
K3} Manufacturer: 4) Model: (3) Date of Modification (if any):
TBD TBD TBD
6) Is operating schedule different than emission unit(s) controlled? (9) ID(s) of EU(s) Controlled:
BX No [] Yes Specify the schedule: 006
[7) Capture Hood Involved? (8) Capture Hood Efficiency (if known):
[0 No X Yes Unknown

{(10) Control Efficiency Documents (Must chec

k one and provide documents as attachment as CS-10A):

BX] Manufacturer's design specifications and performance data/guarantee [ Stack testing report
Pollutant Controlled PM PMis
Control Efficiency % 99+ 90+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submilted: as
a resull, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

[(12) EP (Stack/Vent) ID: K 13) Stack Opening Size (check one):
006 B circular, diameter (inches) is: 82

i 14) Height (ft) from the Ground: [] other, size (inches x inches) is:
a0

i(15) Height (ft) from Highest Building Level:
55

17) Discharge Style (check one):

i 16} Distance (feet) from the Nearest
Property Line: 1,453

[[1 VR (Vertical, with obstructing rain cap)

[1 H (Horizontal discharge)

B v (Vertical, without rain cap or with unobstructing rain cap)

[] D (Downward discharge; for example, a goose neck stack)

EXHAUST INFORMATION

18) Rated Flow Rate ([ acfm [] scfm):
150,000

(19) Moisture Content % (if known}:

(20) Exit Temperature (°F)
Ambient

{(IDNR FORM 542-3190-13)




D‘ﬁrﬂ AIR CONSTRUCTION PERMIT APPLICATION

PN Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE o

Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS
(1) Control Equipment (CE) Name and ID (if rone, skip to (12)): K2) Date of Installation:
Baghouse CEQ06A 1/1/1977
K(3) Manufacturer: 4) Model: (5) Date of Modification (if any):
8D 18D 80
[(6) Is operating schedule difterent than emission unit(s) controlled? 9) ID(s) of EU(s) Controlled:
No [1Yes Specify the schedule: 006
7} Capture Hood Involved? (8) Capture Hood Efficiency (if known):
K No [ Yes NA

{i(10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
{C] Manufacturer's design specifications and performance data/guarantee  [_] Stack testing report

Pollutant Controlled PM PM,,

Control Efficiency % 99+ 90+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

H( 12) EP (Stack/Vent) ID: 13) Stack Opening Size {check one):
006 (A circular, diameter (inches) is: 82
¥ 14) Height (ft) from the Ground: [] other, size (inches x inches) is:
Q
i 15) Height (ft) from Highest Building Level:  17) Discharge Style (check one):
55 B4 V (Vertical, without rain cap or with unobstructing rain cap)
[ 16) Distance (feet) from the Nearest [} VR (Vertical, with obstructing rain cap)
Property Line: 443 [[] D (Downward discharge; for example, a goose neck stack)
] 2 (Horizontal discharge)
EXHAUST INFORMATION
(18) Rated Flow Rate (D acfm [ ] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
150,000 Ambient

(IDNR FORM 542-3190-13)
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AIR CONSTRUCTION PERMIT APPLICATION

YN Form CS: Control Equipment and Stack/Vent Information
@ SEE INSTRUCTIONS ON REVERSE SIDE o

Revision: 1/2001

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

K1) Centrol Equipment (CE) Name and ID (if none, skip to (12)}:

2) Date of Installation:

Baghouse CECO7A 8D
I3} Manufacturer: (4) Model: (5) Date of Modification (if any):
8D 78D N/A

i(6) Is operating schedule different than emission unit(s) controlled?
X No [ Yes Specify the schedule:

(9 ID(s) of EU(s) Controlted:
006

7y Capture Hood Involved?
X No [ Yes

8) Capture Hood Efficiency (if known):
NA

K10} Control Efficiency Documents (Must chec

k one and provide documents as attachment as CS-10A):
[ Manufacturer's design specifications and performance data/guarantee [ Stack testing report

Pollutant Controlled

PM

PMia

Control Efficiency %

99+

80+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned controf efficiency.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

12) EP (Stack/Vent) ID:
006

(13) Stack Opening Size (check one):
K circular, diameter (inches) is: 82

i(14) Height (ft) from the Ground:
90

[] other, size (inches x inches) is:

55

15) Height (ft) from Highest Building Level:

17) Discharge Style {check one):

Property Line: 443

K 16) Distance (feet) from the Nearest

[C] H (Horizontal discharge)

B4 V (Vertical, without rain cap or with unobstructing rain cap)
[J VR (Vertical, with obstructing rain cap)
) D (Downward discharge; for example, a goose neck stack)

EXHAUST INFORMATION

150,000

18) Rated Flow Rate ([X] acfm [ ] scfm):

(19) Moisture Content % (if known):

(20) Exit Temperature (°F)
Ambient

(IDNR FORM 542-3190-13)



—— AIR CONSTRUCTION PERMIT APPLICATION
D[R] ,,

1 Form CS: Control Equipment and Stack/Vent Information Revision: 172001
@ SEE INSTRUCTIONS ON REVERSE SIDE o

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

k1) Control Equipment (CE) Name and I (if none, skip to (12)): 2} Date of Installation:
Baghouse CE014 11/77

K 3) Manufacturer: (4) Model: (5) Date of Modification (if any):
Air-Cure 484-RF-10 3-29-99

X6) ls operating, schedule different than emission unit(s) controlled? 9) ID(s) of EU(s) Controlled:
B4 No [ Yes Specify the schedule: 013 & 155

Iw(?) Capture Hood Involved? (8) Capture Hood Efficiency (if known):
0 No [X Yes Unknown

10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
[X) Manufacturer's design specifications and performance data/guarantee  {_] Stack testing report

Pollutant Controlied PM PMyo

Control Efficiency % 99+ 90+

(11} If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

K12) EP (Stack/Vent) ID: 13} Stack Opening Size (check one):
013 K circular, diameter (inches) is: 39
K(14) Height (ft) from the Ground: [ other, size (inches x inches) is:
50
¥ 15) Height (ft) from Highest Building Level:  (17) Discharge Style (check one):
NA V (Vertical, without rain cap or with unobstructing rain cap)
(16) Distance (feet) from the Nearest L VR (Vertical, with obstructing rain cap)
Property Line: 1,043 ] D (Downward discharge; for example, a goose neck stack}
[] H (Horizontal discharge)
EXHAUST INFORMATION
18) Rated Flow Rate ([<} acfm [_] scfm): (19) Moisture Content % (if known): i (20) Exit Temperature (°F)
26,500 Ambient

(IDNR FORM 542-3190-13)



E—— AIR CONSTRUCTION PERMIT APPLICATION
DIRIE

‘ Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy
CONTROL. EQUIPMENT DESCRIPTION AND SPECIFICATIONS

k1) Control Equipment (CE) Name and ID (if none, skip to (12)): 2) Date of Installation:
Baghouse CE141a 8D

¥ 3) Manufacturer: 4) Model: 5} Date of Moadification (if any):
T8D 78D N/A

[6) Is operating schedule different than emission unit(s) controlled? (9} TD(s) of EU(s) Controlled:
B No [ Yes Specify the schedule: 141

k7) Capture Hood Involved? 8) Capture Hood Efficiency (if known):
K No ] Yes NA

i 10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-104A):
B Manufacturer's design specifications and performance data/guarantee [ ] Stack testing report

Lead &
Pollutant Controlled PM PMyo All Other Metals | Hg

Control Efficiency % 99.7 98.2 99+ 20

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted: as a
resuft, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

i(12) EP (Stack/Vent) ID: (13) Stack Opening Size (check one):
141 B circular, diameter (inches) is: 295.8
’I(l4) Height (ft) from the Ground: {7 other, size (inches x inches) is:
550
(15) Height (ft} from Highest Building Level: 17) Discharge Style (check one):
NA E V (Vertical, without rain cap or with unobstructing rain cap)
K16) Distance (feet) from the Nearest [ ] VR (Vertical, with obstructing rain cap)
Property Line: 1,257 [[] D (Downward discharge; for example, a goose neck stack)
[] H (Horizontal discharge)
EXHAUST INFORMATION
(18) Rated Flow Rate (D<) acfm [_] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
2,660,982 165

(IDNR Form 542-3190-13}




m’ AIR CONSTRUCTION PERMIT APPLICATION
‘i-lE'L Form CS: Control Equipment and Stack/Vent Information Revision: 1720601
@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

#(1) Control Equipment (CE) Name and ID (if none, skip to (12)): 2) Date of Installation:
Selective Catalytic Reduction (SCR} CE141b 78D

(3) Manufacturer: 4) Model: 5) Date of Modification (if any):

TBD TBD NA

i(6) Is operating schedule different than emission unit(s) controlled? 9) ID(s) of EU(s) Controlled:
B No [ Yes Specify the schedule: 141

K7) Capture Hood Involved? 8) Capture Hood Efficiency (if known}:
X No ] Yes N/A

1 10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
B4 Manufacturer's design specifications and performance data/guarantee  [_] Stack testing report

Pollutant Controlled NOx

Control Efficiency % 60

(11) If manufacturer's data is not available, use space below or attach a separate sheet ([abeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for alf equipment based on design specifications. Request for bids have not been submitted; as a
result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

(12} EP (Stack/Vent) ID: (13) Stack Opening Size (check one):
141 & circular, diameter (inches) is: 295.8
¥ 14) Height (ft) from the Ground: [] other, size (inches x inches) is:
550
15) Height (ft} from Highest Building Level:  [17) Discharge Style (check one):
NA B4 V (Vertical, without rain cap or with unobstructing rain cap)
i 16) Distance (feet) from the Nearest E] VR (Vertical, with obstructing rain cap)
Property Line: 1,257 ] D (Downward discharge; for example, a goose neck stack)
] H (Horizontal discharge)
EXHAUST INFORMATION
(18) Rated Flow Rate ([X] acfm [] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
2,660,982 165

{IDNR Form 542-3190-13}
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™ Form CS: Controt Equipment and Stack/Vent Information

AIR CONSTRUCTION PERMIT APPLICATION

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE &

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

i(1) Contro! Equipment (CE) Name and 1D {if none, skip to (12}):

2) Date of Insta.llation:

Lime Spray Dryer Flue Gas Desulfurization CE141c 78D

K(3) Manufacturer: (4) Model: 5) Date of Modification (if any):
18D 8D N/A

IK6) Is operating schedule different than emission unit(s) controlied? (9) ID(s) of EU(s) Controlled:
B No [] Yes Specify the schedule: 141

7} Capture Hood Involved?

(8) Capture Hood Efficiency (if known):
NA

Bd No [ Yes

i 10} Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):

P4 Manufacturer's design specifications and performance data/guarantee "] Stack testing report
Pollutant Controlled S0x H>-S50, HF HCL
Control Efficiency % 90.4 a0 a0 90

(11) If manufacturer’s data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted: as
a result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

(12) EP (Stack/Vent) ID: (13) Stack Opening Size (check one):
141 circular, diameter (inches) is: 295.8
l14) Height (ft) from the Ground: [ other, size (inches x inches) is:
550
[K15) Height (ft) from Highest Building Level: {17} Discharge Style (check one):
NA 4 V (Vertical, without rain cap or with unobstructing rain cap)

J(16) Distance (feet) from the Nearest
Property Line: 1,257

[1 VR (Vertical, with obstructing rain cap)
[_] D (Downward discharge; for example, a goose neck stack)

2,660,982

] H (Horizontat discharge)
EXHAUST INFORMATION
18) Rated Flow Rate (D] acfm [_] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
' 165

(IDNR FORM 542-3190-13)



m AIR CONSTRUCTION PERMIT APPLICATION

N Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

. Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

i 1} Control Equipment (CE) Name and ID (if none, skip to (12)): 2) Date of Installation:
None
I3) Manufacturer: (4} Model: (5) Date of Modification (if any):
k6) Is operating schedule different than emission unit(s) controlled? (9) ID(s) of EU(s) Controlled:
[((I1No [J Yes Specify the schedule:
IR(7) Capture Hood Invoived? - (8) Capture Hood Efﬁciency (if known):
0 No [ Yes

K 10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
[} Manufacturer's design specifications and performance data/guarantee [} Stack testing report

Pollutant Controlled

Control Efficiency %

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

i 12) EP (Stack/Vent) ID: 13) Stack Opening Size (check one):
142 [A circular, diameter (inches) is: 38.9
14) Height (ft) from the Ground: [ other, size (inches x inches) is:
310
FI( 15) Height (ft) from Highest Building Level:  K17) Discharge Style (check one):
10 B4 v (Vertical, without rain cap or with unobstructing rain cap)
K 16) Distance (fcet) from the Nearest [_] VR (Vertical, with obstructing rain cap)
Property Line: 1,280 [] D (Downward discharge; for example, a goose neck stack)
[ H (Horizontal discharge)
EXHAUST INFORMATION
(18) Rated Flow Rate (] acfm [] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
49,300 , 400

{(IDNR FORM 542-3190-13)



m AIR CONSTRUCTION PERMIT APPLICATION

2 Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE o

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

pl(l) Control Equipment (CE) Name and ID (if none, skip to (12)): 2) Date of Installation:
None
[{3) Manufacturer: 4) Model: 5) Date of Modification {if any):
6} Is operating schedule different than emission unit(s) controlled? (9) ID(s) of EU(s) Controlled:
[ No [ Yes Specify the schedule:
(7) Capture Hood Involved? 8) Capture Hood Efficiency (if known):
0 No [ Yes

K 10) Control Efticiency Documents (Must check one and provide documents as attachment as CS-10A):
(] Manufacturer's design specifications and performance data/guarantee [} Stack testing report

Pollutant Controlled

Control Efficiency %

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

K 12) EP (Stack/Vent) ID: (13) Stack Opening Size (check one):

143 [ circutar, diameter (inches) is: 10
K 14) Height (ft) from the Ground: [ other, size (inches x inches) is:

20
}(15) Height (ft) from Highest Building Level:  [(17) Discharge Style (check one):

NA X v (Vertical, without rain cap or with unobstructing rain cap)
Kk 16) Distance (feet) from the Nearest [ VR (Vertical, with obstructing rain cap)

Property Line: 7,749 [ D (Downward discharge; for example, a goose neck stack}

[] H (Horizontal discharge)
EXHAUST INFORMATION

(18) Rated Flow Rate ([X] acfm [_] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F}

5,430 1,025

(IDNR FORM 542-3190-13)



ap— AIR CONSTRUCTION PERMIT APPLICATION
DN IR

7 Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

i1} Control Equipment (CE) Name and ID (if none, skip to (12)): (2) Date of Installation:
Drift Efiminator CE145 TBD

k3) Manufacturer: (4) Model: 5) Date of Modification (if any):
T8D 8D N/A

(6} Is operating schedule different than emission unit(s) controlled? 9) ID(s) of EU(s) Controlled:
No [] Yes Specify the schedule: 145

K7} Capture Hood Involved? (8) Capture Hood Efficiency (if known):
B No [ Yes N/A

K 10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
B4 Manufacturer's design specifications and performance data/guarantee [ Stack testing report

Pollutant Controlled PM PMyo

Control Efficiency % 99.9995% " 99.9995% "

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equiprment based on design specifications. Request for bids have not been submitted; as
a result, equipment manufacturers have not been chosen.

(1) The drift eliminator controls to 0.0005% gal drift/ gal flow.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

K12) EP (Stack/Vent) ID: K13) Stack Opening Size {(check one):
145 X circular, diameter (inches) is: 410 per cell
14} Height (ft) from the Ground: [J other, size (inches x inches) is:
48
1(15) Height (ft) from Highest Building Level: 17) Discharge Style (check one):
N/A V (Vertical, without rain cap or with unobstructing rain cap)
((16) Distance {feet) from the Nearest [J VR (Vertical, with obstructing rain cap)
Property Line: 2238 [ D (Downward discharge; for example, a goose neck stack)
[] H (Horizontal discharge)
EXHAUST INFORMATION
(18) Rated Flow Rate (X acfm [] scfm): {19) Moisture Content % (if known): (20) Exit Temperature (°F)
1,401,485 per cell 103

{IDNR FORM 542-3190-13)



IEF!TR AIR CONSTRUCTION PERMIT APPLICATION

W Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE o
. Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS
K1) Control Equipment (CE) Name and ID (if none, skip to (12)): (2) Date of Installation:
Baghouse CE159 78D
(3} Manufacturer: (4) Model: (5) Date of Modification (if any):
8D TBD N/A
k6) Is operating schedule different than emission unit(s} controlled? (9) ID(s) of EU(s) Controlled:
P4 No [ ] Yes Specify the schedule: 159
[K7) Capture Hood Involved? (8) Capture Hood Efficiency (if known):
O No [ Yes Unknown

[10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
[X] Manufacturer's design specifications and performance data/guarantee  [_] Stack testing report

Pollutant Controlled PM PM;q

Control Efficiency % 99+ 90+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Requést for bids have not been submitted; as
a result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

12} EP (Stack/Vent) ID: 13) Stack Opening Size (check one):
159 (A circular, diameter (inches) is: 30
K14) Height (ft) from the Ground: [ other, size (inches x inches) is:
305
W(15) Height (ft) from Highest Building Level:  17) Discharge Style (check one):
5 B Vv (Vertical, without rain cap or with unobstructing rain cap)
I 16) Distance (feet) from the Nearest [ VR (Vertical, with obstructing rain cap)
Property Line: 1,129 {1 D (Downward discharge; for example, a goose neck stack)
{7} H (Horizontal discharge)
) EXHAUST INFORMATION
(18) Rated Flow Rate (D] acfm [_] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
19,500

Ambient

(IDNR FORM 542-3130-13)



DRI

"N Form CS: Control Equipment and Stack/Vent Information

AIR CONSTRUCTION PERMIT APPLICATION

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

K 1) Control Equipment (CE) Name and I (if none, skip to (12)): (2) Date of Installation:
Baghouse CE160 8D

k3) Manufacturer: 4) Model: (5) Date of Modification (if any):
T8D TBD ' NA

DA No [ Yes Specify the schedule:

I(6) Is operating schedule different than emission unit(s) controlled?

(9) ID(s) of EU(s) Controlied:
160

K7) Capture Hood Involved?
[J No Yes

8) Capture Hood Efficiency (if known):
Unknown

B< Manufacturer's design specifications and

(10) Control Efficiency Documents {(Must check one and provide documents as attachment as CS- 10A):
[ Stack testing report

performance data/guarantee

Pollutant Controlled PM

PMw

Control Efficiency % 99+

90+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted; as
a result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

|ﬂ(12) EP (Stack/Vent) ID: (13) Stack Opening Si;e {check one):
160 B circular, diameter (inches) is: 40
14} Height (ft) from the Ground: [ other, size (inches x inches) is:
305
(15} Height (ft) from Highest Building Level:  |(17) Discharge Style (check one):
5 B4 V (Vertical, without rain cap or with unobstructing rain cap)

(16} Distance (feet) from the Nearest
Property Line: 1,329

[] H (Horizontal discharge)

(] VR (Vertical, with obstructing rain cap)
[] D (Downward discharge; for example, a goose neck stack)

EXHAUST INFORMATION

18) Rated Flow Rate (B acfm [ scfm):
34,800

(19) Moisture Content % (if known):

(20} Exit Temperature (°F)
Ambient

(IDNR FORM 542-3190-13)



—— AIR CONSTRUCTION PERMIT APPLICATION
DIRIEY

N Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

. Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

Fl(l) Control Equipment (CE) Name and ID (if none, skip to (12)): (2} Date of Installation:
Baghouse CE161 TBD A

ip) Manufacturer: (4) Model: (5) Date of Modification (if any):
78D 78D N/A

(6) Is operating schedule different than emission unit(s) controlled? . 19 ID(s) of EU(s) Controlled:
B No [] Yes Specify the schedule: 161

K7) Capture Hood Involved? 8) Capture Hood Efficiency (if known):
[J No [ Yes Unknown

{(10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
[X] Manufacturer's design specifications and performance data/guarantee  [] Stack testing report

Pollutant Controlled PM PMq

Control Efficiency % 99+ 90+

(11) If manufacturer’s data is not available, use space below or attach a separate sheet (fabeled CS-11A) to provide the
Control equipment design speciftcations and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submi#ed;' as
a result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

i(12) EP (Stack/Vent) ID: (13) Stack Opening Size (check one):
161 B circular, diameter (inches) is: 35
{(14) Height (ft} from the Ground: [ other, size {inches x inches) is:
. 305
#f(15) Height (ft) from Highest Bailding Level:  £17) Discharge Style (check one):
5 V (Vertical, without rain cap or with unobstructing rain cap)
1 16) Distance (feet) from the Nearest [] VR (Vertical, with obstructing rain cap)
Property Line: 1,712 [] D (Downward discharge; for example, a goose neck stack)
[ H (Horizontal discharge)
EXHAUST INFORMATION
(18) Rated Flow Rate ([ acfm ] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
26,100 Ambient

(IDNR FORM 542-3190-13}



Enp— AIR CONSTRUCTION PERMIT APPLICATION
DN ||

1 Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE o

Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

I 1) Control Equipment {CE) Name and ID (if none, skip to (12)): 2} Date of Installation:
Baghouse CE162 TED

i(3) Manufacturer: K4) Model: 5) Date of Modification (if any):
TBD T80 NA

{6} Is operating schedule different than emission unit(s) controlted? 9) ID(s) of EU(s) Controlled:
DI No [ Yes Specify the schedule: 162

iK7) Capture Hood Involved? 8) Capture Hood Efficiency (if known):
B No [0 Yes N/A

i10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
< Manufacturer's design specifications and performance data/guarantee [ ] Stack testing report

Pollutant Controlled PM PMyo

Control Efficiency % 99+ 80+

{11} If manufacturer’s data is not available, use space below or attach a separate sheet {labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency. .

Control efficiencies for alf equipment based on design specifications. Request for bids have not been submitted; as
a result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

(12) EP (Stack/Vent) ID: 13) Stack Opening Size (check one):
162 B4 circular, diameter (inches) is: 10
i(14) Height (ft) from the Ground: [ other, size (inches x inches) is:
12
15) Height (ft) from Highest Building Level:  [{17) Discharge Style (check one):
NA PQ V (Vertical, without rain cap or with unobstructing rain cap)
K 16) Distance (feet) from the Nearest {1 VR (Vertical, with obstructing rain cap)
Property Line: 1,391 [ D (Downward discharge; for example, a goose neck stack)
(] H (Horizontal discharge)
EXHAUST INFORMATION
(18) Rated Flow Rate ([ acfm [] scfm): (19} Moisture Content % (if known): (20) Exit Temperature {°F)
2,000 Ambient

{IDNR FORM 542-3190-13)
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AIR CONSTRUCTION PERMIT APPLICATION
N Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

K 1) Control Equipment (CE) Name and ID (if none, skip to (12)): 2) Date of Installation:
Vent Bag Filter CE163 78D
I3y Manufacturer: (4) Model: (5) Date of Maodification (if any):
TBD 8D N/A
l(6) Is operating schedule different than emission unit(s) controlled? 9) ID(s) of EU(s) Controlled:
B No [ Yes Specify the schedule: 163

K7) Capture Hood Involved?
B No [ Yes

8) Capture Hood Efficiency (if known):
N/A

K 10) Control Efficiency Documents {Must chec
P4 Manufacturer's design specifications and

k one and provide documents as attachment as CS-10A):
performance data/guarantee  [] Stack testing report

Pollutant Controlled PM

PM:O

Control Efficiency % 99+

90+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted; as
a resuft, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

12) EP (Stack/Vent) ID:
163

(13) Stack Opening Size (check one): |
B circular, diameter (inches) is: 20

) 14) Height (ft} from the Ground:
a0

[ other, size (inches x inches) is:

K 15) Height (ft) from Highest Building Level:
5

17) Discharge Style (check one):
& V (Vertical, without rain cap or with unobstructing rain cap)

[(16) Distance (feet) from the Nearest
Property Line: 1,391

(] VR (Vertical, with obstructing rain cap)
{1 D (Downward discharge; for example, a goose neck stack)
[] H (Horizontal discharge)

EXHAUST INFORMATION

(18) Rated Flow Rate (D acfm [ ] scfm):
1,500

(19) Moisture Content % (if known): {20) Exit Temperature (°F)
Ambient

(IDNR FORM 542-3190-13)



m AIR CONSTRUCTION PERMIT APPLICATION
7" X Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

{i(1) Control Equipment (CE) Name and ID (if none, skip to (12)): (2) Date of Installation:
Vent Bag Filter CE164A : TBD
K3) Manufacturer: 4) Model: (5) Date of Modification (if any):
TBD TBD N/A
K6) Is operating schedule different than emission unit(s) controlled? (9) ID(s) of EU(s) Controlled:
No [] Yes Specify the schedule: 164
K 7) Capture Hood Involved? 8) Capture Hood Efficiency (if known):
No [ Yes NA

1(10) Control Efficiency Documents {Must check one and provide documents as attachment as CS-10A):
[X] Manufacturer's design specifications and performance data/guarantee  [_] Stack testing report

Pollutant Controlled FM FPMy,

Control Efficiency % 899+ 90+

(11} If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentiened control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted; as
a result, equipment manufacturers have not beerr chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

i(12) EP (Stack/Vent) 1D: (13) Stack Opening Size (check one):
164A B4 circular, diameter (inches) is: 12
k(14) Height (ft) from the Ground: ] other, size (inches x inches) is:
40
K 15) Height (ft) from Highest Building Level:  [(17) Discharge Style (check one):
5 V (Vertical, without rain cap or with unobstructing rain cap)
16} Distance (feet) from the Nearest (] VR (Vertical, with obstructing rain cap)
Property Line: 1,440 {] D (Downward discharge; for example, a goose neck stack)
{1 H (Horizontal discharge) '
EXHAUST INFORMATION
18) Rated Flow Rate (D acfm [ ] scfim): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
500

Ambient

(IDNR FORM 542-3190-13}



m AIR CONSTRUCTION PERMIT APPLICATION

7N Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE &

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

i 1) Control Equipment (CE) Name and ID (if none, skip to (12)): (2) Date of Installation:
Vent Bag Filter CE164B T80
i(3) Manufacturer: {(4) Model: (3) Date of Modification (if any):
T8O TBD NA
K6) Is operating schedule different than emission unit(s) controlled? 9) ID(s) of EU(s) Controlled:
Bd No [ Yes Specify the schedule: 164
I(7) Capture Hood Involved? (8) Capture Hood Efficiency (if known):
B No [ Yes NA

?

{(10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
B Manufacturer's design specifications and performance data/guarantee [ Stack testing report

Pollutant Controlled PM PM;,y

Control Efficiency % 99+ 90+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (1abeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned contro! efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted: as
a resulf, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

I(12) EP (Stack/Vent) ID: _ K13) Stack Opening Size {check one):
1648 B circular, diameter (inches) is: 12
14) Height (ft) from the Ground: [] other, size (inches x inches) is:
40
K 15) Height (ft) from Highest Building Level:  |(17) Discharge Style (check one):
5 D4 v (Vertical, without rain cap or with unobstructing rain cap)
¥ 16} Distance (feet) from the Nearest [] VR (Vertical, with obstructing rain cap)
Property Line: 1,421 [J D (Downward discharge; for example, a goose neck stack)
[ H (Horizontal discharge)
EXHAUST INFORMATION
18) Rated Flow Rate (D] acfm [ ] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
500 : Ambient

(IDNR FORM 542-3190-13)



m AIR CONSTRUCTION PERMIT APPLICATION

2 Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
i ' @ SEE INSTRUCTIONS ON REVERSE SIDE +

Company Name: MidAmerican Energy )
CONTROL. EQUIPMENT DESCRIPTION AND SPECIFICATIONS

i(1) Control Equipment (CE) Name and ID (if none, skip to {12)): 2) Date of Installation:
Vent Bag Filter CE167 8D
K3) Manufacturer: K4) Model: 5) Date of Maodification (if any):
r 78D TBD NA
{(6) Is operating schedule different than emission unit(s} controlled? K9) ID(s) of EU(s) Controlled:
X No [] Yes Specify the schedule: 167
[(7) Capture Hood Involved? (8) Capture Hood Efficiency (if known):
B No [ Yes N/A

i 10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-104):
B Manufacturer's design specifications and performance data/guarantee [ ] Stack testing report

Pollutant Controlled PM PM;,

Control Efficiency % 99+ 90+

(11} If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted: as
a result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

K12) EP (Stack/Vent) ID: (13) Stack Opening Size (check one):
167 $d circular, diameter (inches) is: 24
{14) Height (ft) from the Ground: [] other, size (inches x inches) is:
100
[K15) Height (ft) from Highest Building Level: 17) Discharge Style (check one):
10 B V (Vertical, without rain cap or with unobstructing rain cap)
k 16) Distance (feet) from the Nearest [C] VR (Vertical, with obstructing rain cap)
Property Line: 1,618 [] D (Downward discharge; for example, a goose neck stack)
] H (Horizontal discharge)
EXHAUST INFORMATION
18) Rated Flow Rate (D4 acfm [} scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
3,000 Ambient

{IDNR FORM 542-3190-13)




m AIR CONSTRUCTION PERMIT APPLICATION
m 1 Form CS: Control Equipment and Stack/Vent Information Revision: 1/2001
@ SEE INSTRUCTIONS ON REVERSE SIDE =

. Company Name: MidAmerican Energy
CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

i(1) Control Equipment (CE) Name and ID (if none, skip to (12)): 2) Date of Installation:
Baghouse CE168 8D
i(3) Manufacturer: 4} Model: . 35) Date of Modification (if any):
T8D 8D NA
l(6) Is operating schedule different than emission unit(s) controlled? 9) ID(s) of EU(s) Controlled:
B No [] Yes Specify the schedule: 168
{(7) Capture Hood Involved? (8) Capture Hood Efficiency (if known):
K No [ Yes N/A

1K10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
B Manufacturer's design specifications and performance data/guarantee  [_] Stack testing report

Pollutant Controlled PM PMip

Control Efficiency % 99+ 90+

(11) If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for all equipment based on design specifications. Request for bids have not been submitted: as
a resull, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

12) EP (Stack/Vent) ID: 13} Stack Opening Size (check one):
168 B circular, diameter (inches) is: 12
K 14) Height (ft) from the Ground: [] other, size (inches x inches) is:
i2
¥ 15) Height (ft) from Highest Building Level:  {17) Discharge Style {(check one):
NA B4 V (Vertical, without rain cap or with unobstructing rain cap)
16) Distance (feet} from the Nearest [ VR (Vertical, with obstructing rain cap)
Property Line: 1,663 [ D (Downward discharge; for example, a goose neck stack)
[CJ H (Horizontal discharge)
EXHAUST INFORMATION
¥ 18) Rated Flow Rate ([X] acfm_[ ] scfm): (19) Moisture Content % (if known): (20) Exit Temperature (°F)
2,500

Ambient

{IDNR FORM 542-3190-13)




AIR CONSTRUCTION PERMIT APPLICATION

Form CS: Control Equipment and Stack/Vent Information

Revision: 1/2001

@ SEE INSTRUCTIONS ON REVERSE SIDE o

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

k1) Contro! Equipment (CE) Name and ID (if none, skip to (12)): K2) Date of Installation:
Baghouse CE169 T8D

(3) Manufacturer: (4) Model: (5) Date of Modification (if any):
8D TBD N/A

No [] Yes Specify the schedule:

[{(6) Is operating schedule different than emission unit(s) controlied?

9) ID(5} of EU(s) Controlled:
169

7} Capture Hood Involved?
& No L] Yes

(8) Capture Hood Efficiency (if known):
N/A

j(10) Control Efficiency Documents (Must check one and provide documents as attachment as CS-10A):
P4 Manufacturer's design specifications and performance data/guarantee  [] Stack testing report

Pollutant Controlled PM

PMio

Control Efficiency % 99+

80+

(i1} If manufacturer's data is not available, use space below or attach a separate sheet (labeled CS-11A) to provide the
Control equipment design specifications and performance data to support the above-mentioned control efficiency.

Control efficiencies for alf equipment based on design specifications. Request for bids have not been submitted: as
a result, equipment manufacturers have not been chosen.

STACK/VENT (EMISSION POINT) SPECIFICATIONS

¥ 12) EP (Stack/Vent) ID: (13) Stack Opening Size {check one):
169 & circular, diameter (inches) is: 12
i(14) Height (ft} from the Ground: [ other, size (inches x inches) is:
12 :
{i(15) Height (ft) from Highest Building Level:  [(17) Discharge Style (check one):
NA \ B4 V (Vertical, without rain cap or with unobstructing rain cap)

16) Distance (feet) from the Nearest
Property Line: 1,637

] H (Horizontal discharge)

{_] VR (Vertical, with obstructing rain cap)
[ D (Downward discharge; for example, a goose neck stack)

EXHAUST INFORMATION

(18) Rated Flow Rate (D] acfm [] scfm):
2500

(19) Moisture Content % (if known):

{20) Exit Temperature (°F)
Ambient

(IDNR FORM 542-3190-13)



DINR

P Form CS: Control Equipmen

AIR CONSTRUCTION PERMIT APPLICATION

t and Stack/Vent Information Revision: 172001
@ SEE INSTRUCTIONS ON REVERSE SIDE @

Company Name: MidAmerican Energy

CONTROL EQUIPMENT DESCRIPTION AND SPECIFICATIONS

f1) Control Equipment (CE) Name and ID (it none, skip to (12)): 2) Date of Install